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ABSTRACT 
This thesis investigates the inter-relationship between hydrological 
and water quality variations with reference to backwaters and dead 
zones in rivers. The examination of a series of controlled reservoir 
releases to an upland channel in Wales showed "in-channel" dead zones 
were important solute source and storage areas, 
Physicochemical data have been presented to show the influence of main 
channel flow and quality variations on the hydrochemistry of a range of 
seven backwaters within the Trent basin. The hydrological regime of 
the mainstream seasonally modified backwater quality. The degree of 
mainflow influence declined with decreasing hydrological connectivity 
of the backwater environments with the mainstream. Furthermore other 
hydrological, biological and biogeochemical factors influenced 
backwater physicochemistry. A generalised typology of permanent 
floodplain water bodies in the R Trent catchment based upon water 
chemistry was established. 
An applied study examined the effect of reservoir cleaning/emptying 
operations and flood events on backwater hydrochemistry on the French 
Upper River Rhone. The simultaneous occurrence of decreasing 
mainstream discharge with the passage of the sediment laden release 
wave reduced its impact on backwater environments, 
Anthropogenic influences on riverine systems as a result of 
intensification of agriculture and urbanisation (eg nitrate pollution 
and river regulation) have influenced the hydrological and 
physicochemical functioning of fluvial hydrosystems. In view of rising 
nitrate levels in many British rivers, trends within the Trent basin 
have been investigated. Rates of increase in concentration of 0,06 
mgl-1 N yr-1 were typical of rural catchments, whilst rates of 
up to 0,20 mg 1-1 N yr-1 were recorded in urbanised tributaries. 
Furthermore the impact of rising nitrate levels in the Trent catchment 
and river regulation on backwater hydrochemistry and ecology have been 
examined. 
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1.1 BACKWATERS AND DEAD ZONES 
River channels are typically quite irregular and include "deadwater" 
zones. These "dead zones" are regions of stagnant or slack water which 
occur along the line of flow, such as holes in the stream bed, bankside 
pockets and backwaters (Valentine, 1982). Upland channels particularly 
at low flows due to extreme channel roughness contain large inchannel 
dead zone components (Bencala and Waiters, 1983). Whilst lowland river 
systems, which have a lower in-channel dead zone component, in their 
'natural' state contain a wide range of backwater environments. These 
permanent and semi-permanent floodplain water bodies may include 
oxbows, soughs, backswamps and residual channels left by the former 
course of the river (Welcomme, 1985). Backwaters may vary from slow 
flowing secondary channels and partially cut-off meander bends to 
abandoned sections of old river channel forming 'pond-like' backwaters, 
which are only rarely connected to the mainflow. Within this study 
backwaters are defined as "aquatic or semi-aquatic areas of low 
velocity or stagnant water, most commonly of present or former river 
channel within the alluvial plain". 
Thackston and Schnelle (1970) postulated that dead zones temporarily 
'store' or 'trap' solutes for variable time periods before releasing 
them back into the flow to move downstream again. However, only 
limited research has investigated the impact of dead zone 'stores' in 
upland channels on water quality variations in the field (Foulger and 
Petts, 1984; and Foulger, 1986). Few studies though have investigated 
the inter-relationships between hydrological and water quality 
variations with reference to backwaters in lowland river systems. 
Studies of river hydrochemistry have tended to view the mainstream in 
2 
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isolation rather than the fluvial hydrosystem as a whole. Furthermore 
British geographical studies on solute behaviour in river systems have 
focussed predominantly on the effects of varying main channel 
hydrological conditions on temporal variations in mainstream chemistry 
(eg Walling and Webb, 1986). A limited number of studies on mainland 
Europe have shown how the hydrological regime of a river may seasonally 
modify the physical and chemical conditions within its aquatic and 
semi-aquatic floodplain environments (eg Carrel, 1986; Carrel and 
Juget, 1987). In addition to discharge fluctuations which affect the 
degree and rate of mixing between the mainstream and backwater 
environments a range of other factors may influence backwater 
hydrodynamics. Hill (1982) postulated that nutrients in storage zones 
(ie backwaters) may be influenced by biological and biogeoche~cal 
processes as a result of increased retention times. Other hydrological 
factors (eg groundwater exchanges) may also influence backwater 
hydrodynamics (eg Reygrobellet et al, 1981; Juget and Roux, 1982; and 
Bournard and Amoros, 1984). However, much of this work has focussed 
upon studies of relatively 'unpolluted' upland rivers rather than 
effluent impacted lowland channels (eg Carrel, 1986). 
Many British rivers are heavily impacted by sewage, industrial, and 
agricultural inputs. Nitrate levels have been rising in many UK rivers 
for at least thirty years (Jose, in press). Such eutrophication may 
potentially have a significant impact on the ecology of both mainstream 
and backwater environments. Furthermore engineering works to serve the 
needs of land drainage, navigation etc, have resulted in the 
destruction of riverine habitats, (Brookes, 1985). The significant 
effect of channelisation on backwater environments can be realised when 
one considers the percentage of channelised main river within the Trent 
3 
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basin (43%), (Brookes, 1981 and 1985). Consequently the remaining 
small number of backwaters within the Trent catchment represent the 
last vestiges of former floodplain environments. Anthropogenic 
'improvements' have reduced the hydrological connectivity of the 
mainstream with its backwaters. The ultimate impact of engineering 
works has been to reduce ecological diversity within the alluvial 
corridor as a result of the loss of the 'natural' dynamic variability 
of channel form and processes (Holmes, 1987; and Petts, 1987). 
Recent studies of river hydrochemistry have largely ignored the 
inter-relationships between backwater environments and the main 
channel, particularly in effluent impacted lowland rivers. Thus the 
study of backwater hydrochemistry is both timely and essential to 
develop a full understanding of the physicochemical functioning of the 
fluvial hydrosystem. 
4 
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1.2 AIMS AND OBJECTIVES 
This project aims to investigate the inter-relationships between 
hydrological and water quality variations with particular reference to 
backwaters and dead zones in rivers. There are four parts to the 
project (Figure 1.1): 
(1) The first describes a series of pilot studies, one of which 
utilised controlled reservoir releases as field experiments to identify 
the influence of 'inchannel' dead zone solute sources on water quality 
variations during unsteady flow in upland channels. Preliminary 
investigations on lowland channels in the Trent basin were designed to 
determine whether the dead zone component could be identified in terms 
of hydrochemical variations at a cross-section; and between a limited 
range of backwater environments and the mainstream. 
(2) The major focus of the research was to study the influence of 
mainstream flow and water quality variations on the hydrochemical 
dynamics of a range of seven backwaters along three large effluent 
impacted rivers within the Trent basin. These backwaters ranged from 
slow flowing channels still connected to the main river, to floodplain 
lakes/pools with no permanent connection with the mainflow and only 
occasionally influenced by overbank flows. In view of rising nitrate 
levels in British rivers long term nitrate concentration and load 
trends have been examined within the River Trent basin. 
(3) Studies on upland and lowland channels in the UK were supplemented 
by an investigation of the physicochemical effects of reservoir 
cleaning and emptying operations on backwater hydrochemistry on the 
Upper River Rhone,tFrance. 
5 
Pilot Investigations: 
lnchannel dead zones 
+ 
Mixing dynamics 
,,, 
Trent Basin studies : 
Hydrochemistry of 
lowland backwaters 
+ 
long term nitrate trends 
Ecological Impact of : 
Elevated nitrate levels 
+ 
river regulation on 
backwater environments 
Upper R.Rhone study : 
Impact of reservoir 
cleaning operations on 
backwater physicochemistry 
F1gure 1.1 The structure of the study for the exam1nat1on of backwater 
and dead zone hydrochem1stry. 
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(4) The final section examines the impact of anthropogenic changes (eg 
elevated nitrate levels and river regulation) on the hydrochemical 
dynamics of alluvial river corridor environments, Potential 
implications of the results for management and conservation are also 
discussed. 
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1.3 ECOLOGICAL IMPORTANCE OF BACKWATER AREAS 
Ecologically the importance of backwater areas cannot be 
under-estimated (Amoros et al, 1987). They act not only as spawning 
grounds and nursery areas for fish from the main channel, but also as 
places where fish seek refuge during strong floods or periods of high 
pollution (Holcik and Bastl, 1976; Halyk and Balon, 1983). Backwaters 
provide habitats for rare and endangered species of aquatic macrophytes 
(Friedrich and Muller, 1984). In addition studies on the French Upper 
Rhone have shown that the lentic waters of 'dead-arms' are particularly 
favourable to the intensive production of phytoplankton (Amoros et al, 
1987). 
1.3.1 THE ECOLOGICAL IMPORTANCE OF BACKWATER AREAS FOR PHYTOPLANKTON. 
Several British rivers have been shown to regularly develop true 
phytoplankton. These include: the R Lee (Swale, 1964); R Severn and 
R Stour (Swale, 1969); R Thames (Lack, 1971); the Bristol Avon (Aykulu, 
1978); and the River Wye (Jones, 1984). Backwaters have been 
postulated as having a vital inoculum role for the main river (eg 
Berner, 1951; and Moss, 1977). As far back as 1894 Kofoid (1903) noted 
that the Illinois river had much higher phytoplankton densities when it 
was still connected to its floodplain lakes and backwaters. Berner 
(1951) associated low planktonic densities with a lack of floodplain 
water bodies to feed into the mainstream. Phytoplankton were found to 
be more abundant in the backwaters of the Nile Sudd than in the main 
channels (Rzoska and Tailing 1966; and Rzoska, 1974). Species 
diversity was also found to be far greater in the lentic environment 
(Scramm, 1974). The flood mitigating characteristic of river 
8 
PT3AAI 
impoundment has, in certain instances, had a significant effect on 
promoting the maintenance of relatively high plankton populations 
within regulated rivers. Flow regulation imposed by Eildon reservoir 
on the Murray river, Australia has allowed the increased development of 
phytoplankton within backwaters, billabongs and fringing juncus beds, 
creating an important source of phytoplankton (Shiel, 1978). Baker and 
Kromerbaker (1979) found phytoplankton abundance (as represented by 
chlorophyll a concentrations) was less in the main channel of the 
Mississippi river than in backwaters. 
Phytoplankton are important food sources for young stages of fish (Mann 
and Mills, 1986), The increased residence time and reduced water 
velocities in backwater areas can allow the development of large 
plankton populations which could provide a suitable food source for 
young fish, Studies on the Upper Rhone, France have shown the lentic 
waters of 'dead-arms' are particularly favourable to the intensive 
production of plankton (Amoros et al, 1987). Frequently a large part 
of this planktonic production drifts into the main channel and 
contributes to the production of the main stream, 
1.3.2 THE ECOLOGICAL IMPORTANCE OF BACKWATER AREAS FOR FISH 
The importance of backwater areas to fish cannot be under-estimated. 
They act as spawning and nursery areas for fish of the main channel. 
Backwaters are also places where fish seek refuge during winter, strong 
floods or periods of high pollution. Several studies have shown that 
loss of backwater habitat has resulted in the decline of fish 
populations. 
9 
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Man induced modifications of the Upper Rhine downstream of Basel 
between 1817 and 1876 confined the mainstream to one channel for some 
170Km. This work resulted in the lowering of the stream bed, the 
cutting through of loops at river bends and a fall in groundwater 
level. As a consequence of this many backwaters ceased to exist. 
Although the Lower Rhine is a slowly flowing meandering watercourse 
there are, with one exception, no natural backwaters. Sand excavation 
occurs along the floodplain that the artificial water bodies produced 
are not linked with the mainflow and consequently do not function as 
natural backwaters. Construction of dams along the channel has reduced 
floods and fish are consequently prevented from moving laterally to 
formerly plentiful spawning areas (Lelek, in press). 
Prior to extensive modification of the U Rhine before 1800 fish yields 
were as high as 240 Kg ha-1. After navigational 'improvements' this 
yield for the main river fell to 45 Kg ha-1 (Kriegsmann, 1970). Kuhn 
(1976) recorded yields of 200 Kg ha-1 from backwaters connected to the 
Rhine; whilst Lelek (1978 and 1986) found seasonally dependant 
fluctuations in backwater yield ranging from 3.9 to 1187 Kg ha-1. In 
the Upper Colorado altered flow regimes have resulted in the 
elimination of many backwater areas. This loss of fish habitat has 
resulted in the decline of fish population (Valdez and Wick, 1983). 
The importance of backwaters as refuge areas during flood conditions 
was shown by Loubens (1969 and 1970) on the R Chari, W Africa. At the 
end of one flood 5616 Kg ha-1 of fish were found in a backwater, whilst 
at a later date the backwater only yielded 369 kg ha-1 of fish. 
Studies on the R Danube have shown high population densities in 
backwater areas in the summer when fish took refuge from the main 
10 
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current. During autumn population densities dropped as larger fish 
moved from the shallower waters. Whilst very low population densities 
were associated with unusually strong flooding which dispersed 
populations (Bastl et al, 1969; Holcik, 1972; Chitravadive1u, 1974; 
Holcik and Bastl, 1976). The movement of 15 mainstream fish species 
from the river to the floodplain was recorded under flood conditions in 
the Mississippi (Guillory, 1979). Some fish then remained trapped in 
'sloughs' and 'blind areas' as flows receded. Fish movements between 
the mainflow and backwaters depend upon the nature of connection with 
the mainflow, water level fluctuations, temperature and season. In 
spring roach in the R Rhine leave the warmer backwater environments for 
the relatively cooler mainflow (Lelek, in press). In autumn and winter 
when the river is often flooded fish return from the mainstream and 
remain in the backwaters until they spawn in spring. 
During periods of pollution on the R Danube and R Rhine backwaters have 
acted as refuges for fish (Halyk and Baton, 1983; and Lelek, 1986). 
Such evidence suggests that mixing may be incomplete between backwaters 
and the mainflow. Backwater areas acted as refuge areas from the 
'suffocating' effects of suspended material released from reservoirs on 
the Upper Rhone during reservoir cleaning operations (Carrel, 1986). 
Lentic backwaters, particularly those in continuous contact with the 
mainstream are decisive for the maintenance and development of fish 
community structure. Backwaters act both as spawning and nursery areas 
for fish (eg Carrel, 1981 and 1986; and Copp, per comm, 1987). Studies 
have shown backwater areas are particularly important spawning grounds 
for Pike (Esox lucius) in North America and Britain (Clark, 1950; Mann 
and Mills, 1986). Newly hatched dace larvae can swim only at about two 
11 
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body lengths per second ( ~ 1.7 cm s-1). As even during the summer 
only 2-3% of the R Frome at East Stoke has flow velocities of less than 
2.0 cms-1 refuge areas are of vital importance to young fish (Mann and 
Mills, 1986). The availability of refuge areas may vary according to 
hydrological conditions (Philippart, 1981). Log jammed river side 
channels and floodplain overflow channels in the S Fork Hoh river 
account for only 6% of the available habitat yet 75% of the coho salmon 
juveniles are reared there (Sedell et al, 1984). 
Adverse conditions may also occur in backwaters. During the summer 
period extremely high pH levels have been recorded in R Rhine 
backwaters and have resulted in the deaths of juvenile cyprinids. 
Kieckhofer (1978) and Schroder (1979) showed there was a correlation 
between high pH levels and high juvenile fish mortalities. The high pH 
levels were associated with algal blooms and biogenic calcite 
precipitation. The juveniles of Cyprinus carpio were most sensitive to 
high pHs and percids the least. 
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2,1 TEMPORAL BEHAVIOUR OF SOLUTES IN RIVERS 
Solute behaviour in rivers is influenced by a large number of 
factors. Knowledge of these is essential for an understanding of 
backwater and dead zone hydrodynamics. Factors which potentially 
affect temporal behaviour of solute levels including; 
meteorological, hydrological, biological, geochemical and 
anthromorphic controls have recently been reviewed by Walling and 
Webb (1986). Most attention has been focussed upon the effects of 
hydrological conditions on main river water chemistry variations. 
Whilst in contrast little work has been carried out on the influence 
of mainstream flow and quality variations on floodplain backwater 
environments. 
The main channel should not be considered in isolation when 
considering temporal variations in solute behaviour in rivers. 
Fluvial hydrosystems particularly in their natural state show marked 
lateral variability and the alluvial plain is characterised by a 
continuum from the lotic environment of the main river, to the lentic 
aquatic, semi-aquatic, and terrestrial floodplain environments, 
Figure 2.1 indicates the potential influences of backwater 
environments and dead zones on the temporal behaviour of solutes in 
river systems. 
Knowledge of both short term (flood period) and longer term (seasonal 
and annual) water quality variations is required to understand the 
hydrochemical behaviour of rivers and their backwaters. The first 
part of this chapter reviews recent studies on storm period solute 
responses and longer term quality trends, with particular reference 
to nitrates. 
14 
UPLAND CHANNELS 
High channel roughness results In large lnchannel 
dead zone component, which functions as: 
v 
S elute source areas I temporary storage zones 
Lotlc backwaters 
Chemograph form and duration of hydrochemocal 
lags depends upon the magnitude I nature of 
these sources 
LONGITUDINAL 
CONTINUUM 
LOWLAND CHANNELS 
Lateral continuum of backwater environments 
These function as : 
0 Lentlc backwaters 
I Solute sinks I stores I Seasonal varoablhty 
Temporal solute behavoor 
Increased retention perood \. 
t In solute concentratoons 
reflects that of 
ma1nstream. t Influence of flood perood varoatoons 
\. Increased hydrologocal on solute resoonse 
connectlvoty woth maonstream 
FIGURE 2.1 The potential influence of dead zones on the temporal 
behaviour of solutes in river systems. 
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The second section examines predominantly mainland European work on 
hydrochemical variations between river channels and their floodplain 
backwaters, Potential biological, biogeochemical and groundwater 
influences on backwater physicochemistry are also examined. In this 
context a review of nitrogen, phosphorus and sulphur dynamics in 
freshwater systems is presented. 
This study of backwater and dead zone hydrochemistry would be 
incomplete without an examination of the theoretical basis for the 
existence of dead zones in river systems. The development of the 
dead zone concept and influence of dead zone processes on mixing in 
streams are examined. In addition recent experimental work on the 
influence of dead zones on mainstream variations in solute 
concentrations in upland channels is reviewed. 
Empirical "rating curves" using simple power functions have been 
commonly used to define the variation of solute concentration with 
discharge. These functions are of the form:-
c aQb 
Where; c = solute concentration 
Q discharge 
a = regression constant 
b = regression exponent 
Regression exponents have frequently been found to be negative, 
indicating a decrease in solute concentration with increasing 
discharge (Gregory and Walling, 1973). Evidence though now suggests 
that the simple power function is an over-simplified model of solute 
response in changing flow conditions (eg Foster, 1980). 
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The following section on storm period variations in solute 
concentrations highlights the inadequacies of such power functions. 
2.1.1 SHORT TERM (STORM PERIOD) VARIATIONS IN SOLUTE CONCENTRATIONS 
Storm period sampling has shown that individual solute parameters 
frequently behave differently during flood events (eg Douglas, 1972; 
and Foster, 1978. The responses of individual ions may differ in their 
detailed response because of their different origins. Solutes are 
stored at different locations in the soil, rock and vegetation; and are 
accessed to different extents by runoff from various sources (Walling 
and Webb, 1986). Solute behaviour may vary from storm to storm as well 
as within the storm period (Webb and Walling, 1985). They found a 
delayed increase in nitrate concentration was typical of summer and 
autumn storms in the R Dart catchment, whilst rapid dilution of nitrate 
was characteristic of flood events in winter and spring. Storm period 
sampling programmes have found that considerable variability in solute 
response occurs between, as well as, within basins (Foster, 1979 Webb 
and Walling, 1983). 
During storm events solute concentrations can be markedly different at 
the same level of discharge on the rising and falling limb of a 
hydrograph (Walling and Webb, 1986). This phenomenon has been 
investigated in terms of a looped trend in the relationship between 
solute concentration and discharge for specific storm events 
(eg Hendrickson and Krieger, 1960; Toler, 1965; Miller and Drever, 
1977). Both clockwise and anticlockwise looped trends for the 
relationship between solute concentration and discharge have been 
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found. It is in the discrepancy between the precise timing of the 
chemograph and hydrograph which results in hysteresis. If the 
chemograph trough 'lags' behind the hydrograph peak clockwise 
hysteresis occurs with higher concentrations on the rising limb. This 
is particularly evident when a flushing event occurs at the beginning 
of a storm (eg Edwards, 1973; Walling, 1974; Walling and Foster, 1975). 
Anticlockwise hysteresis occurs with higher concentrations on the 
falling limb of the hydrograph. The effect is often attributable to a 
greater proportion of groundwater derived flow of high solute 
concentration moving into the stream during the falling limb (eg Toler, 
1965; Miller and Drever, 1977). Flushing effects are particularly 
pronounced in autumn storms following solute accumulation over the 
summer period. Flushing phenomena were exaggerated at the end of the 
1976 drought (Slack, 1977; Walling, 1980). Marked increases 
especially of nitrate occurred in the post drought period. Walling 
(1980) found these increases were brought about by changes in soil 
biochemistry as well as by simple physical flushing. Exhaustion of 
solute stores may occur during a sequence of closely spaced flood peaks 
(Walling, 1978). Such source depletion results in reduced chemograph 
lag times (Walling and Foster, 1975). Progressive exhaustion of 
solute supplies_may cause a systematic shift in the position of the 
hysteretic loop (Cornish, 1982). Whether flushing or source exhaustion 
phenomena occur will largely be influenced by catchment conditions 
prior to the occurrence of the storm. 
Hem's (1970) dilution model has frequently been used as a basis for 
long term and storm period models of solute behaviour and in the 
development of mixing models on an individual storm basis (eg, Hall, 
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1970 and 1971; Edwards, 1973; Walling, 1974; and O'Connor, 1976). The 
exponents in simple concentration discharge ratings reflect the 
nature of change of solute concentration with increasing discharge. 
But the occurrence of hysteresis limits the value of simple rating 
equations when applied to storm period responses (Foster, 1978). Such 
hysteresis loops resulting from chemograph lags cannot be accommodated 
by these simple mixing models. The chemograph lag is a spatial as well 
as a temporal variable, and because a flood wave generated by a local 
storm travels downstream from its source faster than the river water 
itself, as a Kinematic wave, the chemograph lag increases progressively 
downstream (Glover and Johnson, 1974). Investigations in several Devon 
catchments showed the simple dilution of baseflow by flood water and 
the resultant effects upon the kinematic differential described above 
are only two of many factors acting to influence the nature and timing 
of variations in solute concentrations in streams (Walling and Foster, 
1975). They state any attempt to account for variations in chemograph 
response must consider processes operating over the whole catchment in 
addition to those in the channel. If river systems are considered 
rather than small streams the hysteretic effects induced by storm 
events are much more irregular. Aggregation and transmission of solute 
responses from contrasting tributary areas will strongly influence the 
form and timing of chemographs at downstream sites in the river 
network. 
2.1.2 LONG TERM SURFACE WATER QUALITY TRENDS IN GREAT BRITAIN AND 
IRELAND (WITH PARTICULAR REFERENCE TO NITRATES). 
The majority of work on long term variations of solute concentrations 
in streams and rivers in lowland regions in Britain has been in areas 
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disturbed by agricultural activity. It is apparent that there is a 
marked upward trend in the annual nitrate (N03-N) concentrations in a 
number of water courses particularly in southern and eastern England 
(Table 2.1). However, Tomlinson (1970) identified eleven rivers that 
showed no significant trend in nitrate levels. Webb and Walling (1983) 
found that, unlike several other arable and grassland drainage basins 
studied in Great Britain, there is no evidence in the R Dart (Devon) of 
a significant upward trend in N03-N concentration and loads between 
1975 and 1983. Similarly Brooker and Johnson's (1984) work did not 
detect any long term temporal changes in nitrate levels in Wales. 
At the national level N03N concentrations in river water range from 0.1 
mgl-1 in upland areas to in excess of 15.0 mgl-1 in some lowland areas 
(Walling and Webb, 1981), In lowland Britain concentrations are 
generally higher and reflect the increasing intensity of agricultural 
activity and in some rivers increased sewage and industrial effluent 
loadings. Typically mean annual N03N concentrations vary between 3.0 
and 12.0 mgl-1. Although mean annual concentrations on particular 
rivers within the Midlands, East Anglia and the South East areas exceed 
these values. 
The DOE Harmonised Monitoring Scheme (HMS) data archive provides an 
overall picture of current nitrate concentrations in the majority of 
all major British rivers and their tributaries at some 206 sampling 
points, (Nitrate Coordination Group, 1986). The Nitrate Sub Committee 
of STACWQ (1984) assembled time series data for 25 British rivers which 
relate to abstraction points for potable supply. A five yearly average 
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Table 2.1 
Long term nitrate (as N03N) trends in lowland areas of Great Britain 
and Ireland 
TIME 
RIVER PERIOD 
Summary data for 1953-67 
17 English Rivers 
R Trent 
R Stour 
(Essex) 
R Stour 
(Essex) 
M11l river 
(Suffolk) 
R Frome 
(Dorset) 
R Thames 
R Lee 
R Stour 
R Dove 
R Thames 
Rtvers of Eire 
L Neagh System 
I N Ireland 
(6 rivers) 
Great Ouse 
R Nene 
R Welland 
R Stour 
1960-71 
1951-70 
11939-71 
I 
I 1950-76 
I 
1965-75 
Various 
1928-78 
1972-78 
1969-79 
1957-82 
1968-81 
1968-81 
1937-82 
LONG TERM TREND OVER 
STUDY PERIOD AUTHORS 
6 r1vers increase (Tomlinson, 1970) 
11 rivers no trend 
1 river decrease 
Increase 
Increase 
Increase 
Increase 
(0.21mgN1-lyr-1) 
Increase 
(O.llmgl-1 yr-1) 
Increase 
Nitrate projected 
trend 
(Foster, 1972) 
(Edwards and 
I Thornes, 1973) 
I 
(Edwards, 1975) 
(Greene, 1978) 
(Casey & Clarke, 
1979) 
(Marsh, 1980) 
(0.11-0.38 mgNl-lyr-1) 
(Onstad and 
Blake, 1980) 
Two fold increase 
over period 
Increase 
(0.1 mgNl-1 yr-1) 
Increase 
Increase 
(0.25 mgl-1 N yr-1) 
Increase 
(0.28 mgl-1 N yr-1) 
Increase 
(0.26 mgl-1 N yr-1) 
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(Toner and 
Lennox, 1980) 
(Smith, 1977 and 
Smith et al 1982) 
(Wilkinson and 
and Green, 1982) 
(Warn and Page, 
1984) 
" " 
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was used for data prior to 1980 and a four yearly average for the 
period 1981-84. Mean nitrate concentrations for ten sampling points 
for 1981-84 were greater than in any previous period (Figure 8 in 
Nitrate Coordination Group Publication). 
The report by the Nitrate Coordination Group (1986) estimated the rate 
of change in long term trends in nitrate levels by dividing the 
difference between nitrate levels for the four year period 1981-1984 
and the first five year period of record by the time interval. The 
variation in trends across the country is shown in Table 2.2. These 
trends reflect the same pattern as the HMS figures, although the 
increases are slightly lower than the estimated range of increases 
given in the STACWQ (1984) report (0.11 - 0.34 mgl-1N). 
Preliminary estimates of nitrate loads carried by British rivers to 
estuaries and coastal waters were calculated by Rodda and Jones (1983) 
for the period 1975-80. Average annual loads throughout England and 
Wales typically ranged from 10 to 50 kg ha-1, with 20 to 30 kg ha-1 
characteristic of much of the English lowlands. They found the 
magnitude of the average of the mean loads for the period 1975-80 was 
greater for the River Trent catchment than any other in Britain. 
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Table 2. 2 
Estimates of rate of change in long term trends in nitrate levels 
(Nitrate Coordination Group, 1986) 
I LOCATION 
I 
I Scotland 
I 
I Wales 
I 
I NW England 
I 
I NE England 
I 
I 
I 
I Yorkshire 
I STWA * 
I TWA * 
I SWA * 
I WWA * 
I 
I Anglian 
I 
I 
I 
CONCENTRATION TREND 
0.1 - 0.4 mgl-1 yr-1 N03 
0.02 - 0.09 mg1-l yr-1 N03N 
0.1 - 0.7 mgl-1yr-l N03 
0.02- 0.16 mgl-lyr-1 N03N 
0.3 - 0.8 mgl-1yr-l N03 
0.07 - 0.19 mgl -lyr-1 N03N 
0.7- 1.1 mgl-lyr-1 N03 
0.16 - 0.26 mgl-lyr-1 N03N 
* STWA 
* TWA 
* SWA 
* WWA 
= Severn Trent Water Authority 
= Thames Water Authority 
= South West Water Authority 
= Wessex Water Authority 
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2,2 THE INFLUENCE OF MAINSTREAM FLOW AND WATER QUALITY VARIATIONS ON 
THE HYDROCHEMICAL DYNAMICS OF BACKWATER AREAS 
River hydrosystems may be considered in three dimensions : the 
upstream-downstream progression; the transverse dimension (mainstream, 
side arms, marshes, floodplain and their interconnections); and the 
vertical dimension (Amoros et al, 1987). The transverse dimension 
within an alluvial plain in its 'natural state' is characterised by a 
continuum from the lotic environment of the main river to the aquatic, 
semi aquatic and terrestrial environments of the floodplain. Roux et 
al (1982) described a series of 'functional sets' forming a 
transitional sequence to identify and classify the different aquatic 
and semi aquatic backwater environments within the alluvial plain of 
the Upper River Rhone, France (Table 2.3). 
Other studies on this relatively unpolluted river have indicated that 
the hydrological regime of a river may seasonally modify the physical 
and chemical conditions within its floodplain backwater environments 
(eg Carrel, 1986), In contrast little work has been carried out on the 
influence of hydrology on backwater environments in lowland areas, and 
particularly in effluent impacted rivers. Thus the study of the 
infl~ence of mainstream flow and water quality variations on the 
hydrochemical dynamics of backwater areas is both timely and essential 
to develop a full understanding of the hydrochemical functioning of the 
floodplain system. The literature on hydrochemical variations between 
river channels and their floodplain backwaters is reviewed (Section 
2.2.1). Potential biological, biogeochemical and groundwater 
influences on backwater hydrochemistry are examined. 
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Table 2.3: Classification of Floodplain environments: 
(according to Roux, 1982) 
NAME 
I Eupotamon 
I 
I 
I 
I Parapotamon 
I 
I 
I 
I 
I 
I Pleisiopotamon 
I 
I 
I 
I 
I 
I 
I Palaeopotamon 
I 
I 
I 
I 
I 
I 
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DEFINITION 
Running water ecosystem 
Semistagnant water 
ecosystems. Cut off and 
silted at upstream end. 
Downstream end still 
connected to river. 
Permanent or temporary 
standing water ecosystem 
with no permanent and direct 
connection to the river. 
Highly influenced by river 
discharge 
Permanent or temporary 
standing water ecosystems 
with no permanent and direct 
connection to the river. 
Mildly influenced by river 
discharge 
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EXAMPLE 
Mainstream and 
continuously flowing 
side arms 
Former braided channels; 
more or less parallel 
and close to mainstream 
Small water bodies with 
riparian forest close 
to mainstream 
Oxbow lakes with 
riparian forests 
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2,2,1 THE HYDROCHEMICAL DYNAMICS OF BACKWATER ENVIRONMENTS 
Van Donselaar (1961) in an ecological study of three backwaters on the 
R Waal in the Netherlands did not examine water quality variations 
between them and the main river because "it was expected that the 
chemical composition of the water would not deviate very strongly from 
that of the main river". 
Observations of the biology and chemistry of two backwaters on the R 
Danube were initiated in 1958, (Hrbacek et al, 1959 and Ertl, 1966). 
The sites studied were formed gradually by the 'excavating activity of 
floodwater and had a circular or ovate shape'. Ertl (1966) considered 
it more appropriate to call these study sites 'flood basins'. He 
examined a range of water quality parameters in the Erec and Husie 
backwaters. Water samples were collected in open water areas at least 
seven to ten metres from the macroflora. A large decrease in calcium 
concentration found during July 1960 was attributed to biogenic 
decalcification, which occurred in connection with the development of 
macrovegetation, Phosphate content was found to be slightly lower in 
the summer than in the winter period, Chloride levels were found to be 
relatively stable within the backwaters. Nitrate concentrations were 
found to be highest during the Spring. An increase in ammonia was 
found during the Winter within the backwaters. pH was often found to 
decrease with increasing depth during summer. The largest differences 
between the surface and bottom were found during July-September, but 
during Winter pH was found to increase with depth. In Spring no 
vertical variation of pH was discernable as a consequence of increased 
circulation within the backwater. During the summer months oxygen 
depletion occurred in the bottom layers of the backwaters. It is 
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notable that no comparison was drawn between variations in backwater 
and main channel hydrochemistry in the above studies. 
The morphometry, hydrological and hydrochemical characteristics of an 
ancient arm of the Upper R Rhone, France; the 'Lone des Pecheurs' 
situated downstream of the R Rhone - R Ain confluence have been 
investigated (Juget et al 1976, 1979 and 1982; and Reygrobellet et 
al 1981. The 'Lone des Pecheurs' is approximately 2 Km in length with 
an average depth of between 1 and 2m and is still in connection with 
the main river. The backwater is situated upstream of a flow diversion 
canal barrage and consequently is subject not only to natural flow 
fluctuations but also to those caused by the operation of the dam. The 
backwater is also influenced by groundwater seepage. The interactions 
of the groundwater and mainflow were studied by examining a range of 
physiochemical characteristics at intervals along the backwater. 
Examination of calcium, sulphate and nitrate gradients along the length 
of the backwater during 1976 and 1977 showed marked variations in the 
magnitude of influence of the groundwater and mainflow on the backwater 
through the study period. A 'border effect' between the two water 
types was apparent and the degree of influence of the two water types 
on the backwater could be characterised by hydrochemical gradients. 
Reygrobellet et al (1981) examined the hydrological and hydrochemical 
characteristics of the 'Lone de 1 1 Ile du Meant' situated immediately 
downstream of the R Ain - R Rhone confluence, France. The 
physicochemical characteristics of this backwater were not determined 
by the R Rhone; but by an interaction of phreatic water from the Dombes 
plateau to the north and water from the hyporheic zone of the R Ain 
(the hyporheic zone being defined as the middle zone of interstitial 
water in streams with deep gravel beds (Orghidan, 1953)). 
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Water quality parameters were used to assist in the development of the 
classification of floodplain environments for the Upper R Rhone by Roux 
et al (1982). The water of the mainstream is rich in sulphate (S042- ~ 
50 mgl-1) whilst groundwater is rich in bicarbonate ions (HC03- ~ 200 
mgl-1), (eg Juget and Roux, 1982; and Bournard and Amoros, 1984). A 
hydrologically based typology for the R Rhone divided floodplain 
environments into four broad categories according to their degree of 
hydrological connectivity with the mainflow (Table 2.3). Absolute 
differentiation between the four functional units in terms of solute 
concentration characteristics was not achieved. However sulphate and 
bicarbonate ions provided suitable 'abiotic' describers to discriminate 
between the two types of water and assess their degree of mixing. The 
categorisation is somewhat arbitrary as transitional cases may occur 
between the different functional units. 
The hydrochemistry of the 'Morte du Sauget', a seasonally inundated 
oxbow lake (transitional palaeo-pleisiopotamon) on the floodplain of 
the R Rhone, France has been investigated (Carrel, 1986; Carrel and 
Juget 1987). The impact of flooding on the chemistry of the former 
meander was found to be only temporary. The impact of flooding though 
was instantaneous on dissolved oxygen, temperature, pH, conductivity 
and solute levels within the backwater. Considerable vertical 
variations in dissolved oxygen (as percentage saturation) were apparent 
between May and October 1983 within the backwater. During July 1983 a 
surface reading of 153% saturation was recorded whilst on the same date 
a value of 0% was recorded close to the bed of the oxbow. 
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Unfortunately no data was presented on cross-sectional, longitudinal or 
diurnal variations in the backwater. Photosynthetic activity by 
aquatic macrophytes and phytoplankton was responsible for the 
supersaturation of oxygen. Respiratory activity by aquatic vegetation 
and in particular by microorganisms within the sediment resulted in 
reduced oxygen levels or occasionally anoxia near the bed. Vertical 
variations in temperature were recorded during,the summer but stable 
thermal stratification did not develop. A maximum observed vertical 
variation in temperature of 8.4oc was recorded. A period of inverse 
stratification was recorded under ice. A range of ions clearly 
demonstrated the influence of the main river during flood events on the 
hydrochemistry of the oxbow. Above a threshold discharge of 800 mls-1 
the former meander was subject to mainflow influence. The effect of 
flooding was to decrease bicarbonate, calcium, magnesium and 
conductivity levels within the oxbow. In contrast sulphate, nitrate 
and pH levels increased. After floods as the water level within the 
oxbow slowly fell, groundwater flow increased levels of calcium, 
bicarbonate and magnesium. Sulphate and nitrate levels decreased 
rapidly due to biological activity. The anaerobic environment of the 
sediment facilitated the reduction of sulphate from groundwater and 
riverine sources by anaerobic sulphate reducing bacteria, utilising 
this ion as an oxidising agent in respiration. The hydrogen sulphide 
and sulphur produced by this bioreduction were reoxidised later in the 
summer period. Rising water levels then resulted in the recirculation 
of this sulphate of biological origin. During the summer period a 
marked decrease in the level of conductivity was the result of biogenic 
precipitation of calcium carbonate. 
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Some former backwaters may no longer be influenced by mainstream flow 
at all, The Enkheimer Reid pond previously formed part of a 
Pleistocene river channel of the R Main, Germany (Brinkman and Gruger, 
1987). Until 1893 the area was periodically flooded, At present the 
pond is no longer in any form of contact with the main river and its 
chemistry is controlled primarily by groundwater flow and by inflow 
from a small stream, 
Turbulently flowing streams are isothermal; the water movement being 
sufficient to break down any temperature gradients. However, in slow 
flowing river backwaters and lakes the surface water tends to heat up 
more rapidly than that below it. At some times of the year in deep 
enough water wind and water movements may be insufficient to completely 
destroy this gradient which progressively intensifies (Moss, 1980), 
Oxygen in the atmosphere is maintained in dynamic equilibrium with that 
dissolved in water such that in freely mixed water exposed to the 
atmosphere the concentration is predictable almost entirely from water 
temperature. Respiration and photosynthesis may lead to temporary 
departures from equilibrium over a daily period, even in well mixed 
open water. Vertical differences in oxygen concentration may occur as 
a result of biological activity. Photosynthetic activity by algae and 
aquatic macrophytes may lead to oxygen supersaturation. This may be 
particularly apparent in the epilimnion of thermally stratified waters. 
In contrast respiratory activity of living organisms and more 
particularly that of micro-organisms in the sediment layer may result 
in the reduction of oxygen levels or even hypolimnal deoxygenation. 
Caussade et al (1978) found thermal stratification was induced in 
lowland reaches of the River Lo\, France when flow was ponded back by 
weirs under summer low flow conditions. 
31 
2.2.2 POTENTIAL BiOLOGICAL AND BIOGEOCHEMICAL INFLUENCES ON BACKWATER 
HYDROCHEMISTRY 
During the period of summer low flows water quality within backwater 
areas may be influenced by increased retention times. The nature and 
degree of hydrological connectivity with the mainflow will influence 
this. Low flows with decreased velocities may reduce the mixing 
between the mainstream and backwater areas and hence increase 
'residence time'. Backwaters may then be viewed as 'dead zone' or 
'storage' compartments. The longer the retention period in the storage 
zone the more likely nutrient levels are to be influenced by biological 
and biogeochemical processes (Hill, 1981 and 1982). Thus the 
downstream 'spiralling' of nutrients (Webster and Patten 1979; Elwood 
et al, 1983; and Newbold, 1986) may be 'interupted' by their detainment 
in backwater areas. 
In view of the above potential influence of biological and 
biogeochemical processes on nutrient levels in backwater environments, 
nitrogen, phosphorus and sulphur dynamics within freshwater riverine 
systems have been reviewed. 
2.2.2.1 NITROGEN DYNAMICS 
In the aquatic environment nitrogen occurs in several forms which have 
a dynamic inter-relationship as described in the nitrogen cycle. A 
range of transformation processes which result in interchanges between 
these forms may have a significant effect in the nitrogen dynamics of 
backwater areas. These include nitrogen fixation, ammonia 
assimilation, nitrate assimilation, ammonification, nitrification and 
denitrification. Nitrogen fixation is an energy requiring reduction 
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process by which micro-organisms convert nitrogen to ammonia. Blue 
green algae and various forms of bacteria are capable of reduction 
process by which phytoplankton bacteria and aquatic macrophytes utilise 
nitrate. Nitrate is reduced to ammonia before assimilation into 
organic forms. Ammonification occurs when organic nitrogen is 
returned to the organic pool as ammonia. Biological nitrification is a 
two stage oxidation process resulting from the activity of autotrophic 
bacteria of the genera Nitrosomonas CNH4+ - NOz-) and Nitrobacter (NOz-
- N03-). Nitrification occurs mainly in the sediments and proceeds 
rapidly in flowing well oxygenated water. It is a particularly 
important process in sewage impacted river systems with high ammonia 
levels (Curtis et al, 1975; Lipschultz, 1986). Denitrification is a 
reduction process performed by bacteria and results ultimately in the 
production of nitrogen and nitrous oxide from nitrate. Denitrification 
only occurs in solution when the concentration of dissolved oxygen is 
below 7% saturation (Wheatland et al, 1959). For rapid denitrification 
to proceed the sediment environment must be anaerobic. The process 
thus occurs at low redox potentials, eg below +350 mV (Keeney, 1973). 
Denitrification may therefore still occur at the mud/water interface 
when the overlying water is aerobic. The reaction also requires a 
carbon substrate. The rate of denitrification increases by a factor of 
almost 2 for each 10oc rise in temperature (Johnston et al, 1974). 
Significant losses of nitrate due to denitrification occur in flowing 
and particularly in standing waters (Toms et al, 1975). They found 
that concentrations of oxygen in the range 10-100% in the overlying 
water did not markedly affect rates of denitrification in R Lee muds. 
Rates of denitrification which varied between 3 and 1100 mgN m2 d-1 
were correlated with the organic content of the sediment and numbers of 
nitrate reducing bacteria. Larsen (1977) reported that denitrification 
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by bottom sediment accounted for 80-95% of the nitrate depletion from 5 
Danish lakes. Van Kessel (1977 (a) and (b)) found between 94 and 97% 
of the nitrate added to ditch sediments was removed by denitrification. 
Field measurements have revealed large nitrate losses from several 
streams due to bacterial denitrification and anaerobic sediment 
(Kaushik et al, 1975; and Hill, 1981). 
The importance of nitrate removal from waters by vegetation appears to 
vary significantly. Crisp (1970), Robinson and Cumbuss (1977), Gifford 
(1981), Vincent and Downes (1980 and 1984) showed that watercress 
(Nasturtium officinale) can significantly reduce nitrogen levels from 
throughflowing waters. Whereas McColl (1974) showed that no reduction 
in nitrogen levels occurred in a watercress dominated stream. The 
reason being that an overflow discharge from a sewage works continually 
overloaded the stream. Howard-Wil1iams and Downes (1984) recorded 
nitrogen uptake rates of 900-1500 mg N M-2 d-1 by aquatic macrophytes. 
2.2.2.2 PHOSPHORUS DYNAMICS 
Sorption processes are considered to be responsible for phosphate 
exchanges at the sediment water interface. The nature of these 
exchanges at the sediment surface are governed by oxygen availability. 
Mortimer (1941, 1942) found phosphate bound to ferric hydroxide under 
oxidising (aerobic) conditions. Whilst under reducing (anaerobic) 
conditions phosphate is released back into solution. Lijklema (1976) 
showed that hydroxl ions can release phosphate from 
ferric-hydroxyl-phosphate complexes at high redox potentials, and 
indicated the importance of pH. In studies on Lough Neagh Rippey 
(1976) established that a basic ferric phosphate 'type' of salt was the 
source of phosphate released. Under certain circumstances phosphate 
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may be released to overlying oxygenated water and not reprecipitated, 
This may occur in heavily nutrient loaded shallow water bodies which do 
not stratify. Intensive decomposition of planktonic material breaks 
shown the oxidised microzone at the sediment surface and reduces the 
redox potential. Subsequently the available Fe II is precipitated as 
sulphide. Once no source of Fe II is available phosphate is not 
reprecipitated and is available to phytoplankton, Summer release of 
phosphate by this mechanism was found in Barton Broad, Norfolk (Osborne 
and Phillips, 1978), Stumm and Leckie (1970) state that phosphate can 
be precipitated by calcium and aluminium and that clays can sorp 
phosphate, They considered the calcium-phosphate system to be the 
principle controlling mechanism for the solubility of phosphate. At 
some times of the year particularly in hardwaters at pH values greater 
than 8.3 phosphorus may be removed from the water column by 
precipitation (Toms, Wood and Owens, 1975), Koshel et al (1983) in a 
study of a mesotrophic lake found calcite precipitation was connected 
with a decrease in total phosphate, dissolved phosphate, phytoplankton 
biomass and light transmission. Murphy et al (1983) similarly reported 
the occurrence of such coprecipitation in a eutrophic lake. Extensive 
laboratory investigations employing various soil water systems have 
provided information on bottom mud/water chemical interchanges (Hayes, 
1978), Rates of phosphate loss from the water column to the sediment 
of up to -0.37 gPm-2 were recorded. Flooded soils have a high 
phosphate fixation capacity (Hayes and Greene, 1984). 
Less attention has been focused upon phosphate retention and 
transformation processes in rivers than in lacustrine environments. 
Several studies have examined the role of sediment sorption of 
phosphate in streams (Johnson et al, 1976; Green, Logan and Smeck, 
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1978; McCallister and Logan, 1978; Meyer, 1979; Mayer and Gloss, 1980). 
The research suggested that sediments play an important role in 
determining stream water phosphate concentrations. Phosphate which 
accumulates on the river bed during 'normal' flow conditions is flushed 
downstream in particulate form during floods (Meyer and Likens, 1979; 
Rigler, 1979; Hill, 1982; and Walling, 1987). Uptake of phosphate by 
benthic algae, aquatic macrophytes and plankton may also result in 
phosphate 'retention' (Brink and Widell, 1967; Kemp, 1968; Johnson et 
al 1976; Aiba and Ohtake, 1977; Hill, 1982). 
2.2.2.3 SULPHUR DYNAMICS 
Sulphate is one of the four most common ions in freshwaters 
(Livingstone, 1963). The level of sulphate may be influenced by 
exchanges at the water/sediment interface. Under anaerobic conditions 
sulphate is reduced by bacteria (eg Desulphovibrio) to oxidise organic 
matter, forming sulphides (Moss, 1980). In anaerobic sediments 
sulphide reacts with ferrous iron (Fe II) to produce iron sulphide. 
Under aerobic conditions sulphur and sulphides may be reoxidised to 
sulphate. Green sulphur bacteria (Chlorobacteriaceae) use hydrogen 
sulphide, converting it to sulphate or sulphur. 
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2.3 THE INFLUENCE OF INCHANNEL DEAD ZONES ON WATER QUALITY VARIATIONS 
DURING UNSTEADY FLOW 
Knowledge of the influence of dead zone processes on dispersion in rivers 
is required for a complete understanding of solute behaviour in rivers 
and their floodplain environments. The following section reviews 
theoretical work on the effect of dead zones on mixing in streams. 
Secondly recent experimental work on the influence of dead zones on 
mainstream solute concentrations during unsteady flow is examined. 
Thirdly the impact of dead zone processes on lateral solute distributions 
in river channels is discussed. 
2.3.1 'DEAD ZONES': THE CONCEPT AND THEIR INFLUENCE ON MIXING IN STREAMS 
Dead zones are regions of stagnant water which occur along the line of 
flow such as holes in the stream bed or backwaters (Valentine, 1982). 
Interest in dead zones was stimulated by work on mixing in rivers and in 
particular on longitudinal dispersion (Fischer et al, 1979). 
Longitudinal dispersion being the final stage in the mixing process after 
a tracer has become adequately mixed across the cross-section, whereby 
longitudinal concentration gradients are reduced. Research suggested 
that the primary mechanism of dispersion in river channels was variations 
in velocity within the cross-section, and the "storage and release" of 
water in eddies and dead-water zones (Church, 1967 and 1975). 
Consequently for a complete analysis of dispersion in streams the effects 
of these dead zones must be included. The dead zone concept was 
developed in response to the inapplicability of early dispersion theory 
to adequately describe mixing in natural channels. Taylor (1953, 1954) 
was able to demonstrate that a one dimensional Fickian type diffusion 
equation (1) described steady flow in straight pipes. It described the 
distribution of a solute (ie, a tracer) in terms of the moments of the 
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concentration distribution where a finite quantity of solute after an 
initial period tends to become normally distributed with a variance 
growing at a rate proportional to time, ie; 
J = -K.dc 
dx 
(1) 
Where; J = one dimensional flux across a reference plane, perpendicular 
to x, per unit time, per unit area of a diffusing substance 
with concentration c. 
K = constant diffusion coefficient, independent of concentration 
and time. 
This equation has been applied to studies of dispersion in natural 
rivers but in some cases the observations suggest that the theory is 
not applicable (eg Nordin and Sabol, 1974). Such a description of the 
dispersion of a tracer as it moves downstream is an over simplification 
(Foulger, 1986). Valentine and Wood (1977, 1979 a, b) and Valentine 
(1978, 1982) have focussed on additional mechanisms in an effort to 
explain why the one dimensional solution (above) does not appear to 
apply to natural channels. It seems probable that, apart from the non-
uniformity of flow at a cross-section and velocity distribution dealt with 
by Fisher (1966); the most important mechanism affecting dispersion in 
rivers is the trapping and release of parcels of fluid by peripheral 
dead zones. To illustrate this one may consider the point injection of 
a dye tracer to a channel. Behind the main cloud of dye that moves 
downstream one would find pockets of dye retained in irregularities 
along the sides of the channel. This dye would then be released for a 
period after the main portion of the cloud has passed. Consequently a 
'tail' would be produced on the longitudinal concentration 
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distribution. Day (1975) argued that in natural channels a normal 
distribution will never occur due to the presence of side 
irregularities, dead zones etc, and a tail would always result. 
Valentine (1982) though concluded from experimental field tracer 
studies that the dispersion process with dead zones can still be 
described as behaving in agreement with the Taylor hypothesis. 
Beer and Young (1980), Smith et al (1978) and Smith et al (1979) 
stressed the inapplicability of the Fickian diffusion process to 
dispersion in natural channels. Beer and Young (1980 and 1983) contend 
that in natural streams transverse variations in downstream velocity 
resulting from dead zone processes are the primary producers of 
dispersion and not Fickian diffusion. This led to them developing a 
model of inchannel solute storage behaviour. The model divided the 
flow into two distinct zones; the mainstream or thalweg and a dead zone 
storage component along the bed and banks. The concentration at a 
station x, is therefore a function of the movement and dispersion of 
the solute/tracer between the thalweg and the dead zone component. 
This can be represented by two equations for (a) the main flow of 
velocity ii and dispersion coefficient fi, 
de + u. de = D. d2c + Kr c (s-e) 
dt dx dx2 
(2) 
and for (b) the dead zone, 
ds = Krs (c-s) 
dt 
(3) 
Where K = mass exchange coefficient between the dead zone and 
main flow 
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~c = the ratio of interfacial area between the mainflow and 
dead zone to the mainflow volume. 
~s = ratio of interfacial area to dead zone volume. 
Equation (3) can be interpreted as a mixing tank in which there is an 
input of solute concentration c and under the assumption of complete 
mixing within the volume an export of solute concentration s. The 
residence time of the fluid in the tank is defined as 1/Kf;. These 
equations show how critical the interfacial areas between the dead 
zones and the thalweg are in determining the rate of release of solute 
from these areas. This interfacial area is very difficult to 
physically measure. Models of serially connected mixing compartments 
of the form of equation (3) have been used to described solute 
dispersion in flowing mediums. But these models do not fit the data 
well (Martin and Stokes, 1979; Stefan and Demetracopoulos, 1981; and 
Beltaos 1982). Beer and Young (1983) suggested that the dead zones 
should be aggregated and each reach of river be treated as being 
composed of a length in which the solute undergoes pure translational 
or plug flow with a concentration s and then enters a mixing tank with 
a concentration c. This process can be described by equation (4). 
dC = de 
dT li 
+ U de s Te-1 (s-e) =o<(s-c) 
·dx 
(4) 
Where Te = the time constant of dead zone dynamics. 
-1 (Te =o< ). 
In equation (4) there is no Fickian diffusion term as the dispersive 
characteristics are a function of the residence time of the solute in 
the dead zone. Field and laboratory tracer studies of dispersion 
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showed that the aggregated dead zone model was adequate to describe 
dispersion in natural streams (Beer and Young, 1983). 
2.3.2 EXPERIMENTAL FIELD EVIDENCE FOR INCHANNEL SOLUTE STORAGE 
Upland channels particularly at low flows due to extreme channel 
roughness contain large dead zone components. (Bencala and Waiters, 
1983). They postulated that such inchannel storage or dead zones may 
include; (a) bankside pockets; (b) turbulent eddies generated by 
large-scale bottom irregularities; (c) large recirculating zones along 
the side of pools; (d) small recirculating zones behind flow 
obstructions eg by cobbles and vegetation; (e) flow into, out of and 
through the streambed. Such storage zones are thought to be important 
solute and sediment sources (Foulger and Petts, 1984; and Foulger, 
1986). They investigated water chemistry variations downstream of 
regulating reservoirs during release operations. A range of 
determinands were used as natural tracers to determine downstream 1at a 
station' chemistry changes. They found changes in water chemistry 
during wave passage were more complex than suggested by simple solute 
balance equations (eg Hem, 1970). Simple dilution did not occur 
simultaneously with rising stage. Data for seven releases from Llyn 
Celyn, N Wales to the Afon Tryweryn showed that at four downstream 
sites a range of chemical determinands showed peak concentrations 
immediately prior to peak stage and a lagged dilution (Foulger and 
Petts, 1984). 
Peaks and troughs in the chemograph of natural flood waves have been 
explained in terms of a change in contribution from external sources 
(eg Walling and Foster, 1975; East, 1978; Johnson and East, 1982). The 
occurence of a peak concentration immediately prior to peak stage in 
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the absence of such catchment sources may relate to the release wave 
pushing ahead of it more highly solute loaded water from within the 
channel (Hem, 1970). Within regulated rivers, at least, between large 
magnitude releases tributary sources can introduce large quantities of 
sediment which may be stored in the main channel in the absence of a 
simultaneous mainstream flood (Foulger and Petts, 1984). Peak 
concentrations may represent discrete injections from newly tapped 
sources. They postulate that "the time lag between the attainment of 
peak stage and minimum concentration may relate to the disturbance and 
subsequent exhaustion of these local inchannel sources". 
Bevan, Gilman and Newson (1979) found a non-linear kinematic routing 
model was suitable to describe flow routing in upland stream networks. 
Since data collected by Foulger and Petts (1984) displayed chemograph 
lags they suggested it was possible that the release wave was behaving 
kinematically. Consequently they applied a derived version of the 
Kleitz-Seddon law for Kinematic waves (Brady and Johnson, 1981) to 
chemical dilution data collected on the Afon Tryweryn Wales to see if 
this was the case. The results were found to be only superficially 
comparable. Foulger (1986) and Foulger and Petts (1984) contended that 
water chemistry variations at a station during artificial releases may 
not, simply be explained by a kinematic routing effect alone. They 
suggest that the lag of dilution is due to sediment and solute release 
from local sources as a result of physical disturbance by the flood 
wave. 
Foulger (1986) hypothesised it is possible assuming no Kinematic 
effects that the contribution of dead zones to water chemistry change 
could be calculated. He stated "the dead zone contribution is the area 
confined under the chemograph, between the theoretical time of maximum 
42 
PT2AAC 
--------------------- - - -
dilution, ie when maximum stage is reached and the actual time of 
maximum dilution". 
It may be hypothesised that the magnitude of inchannel stores is 
dependent on prerelease flow conditions both in the mainstream and 
tributaries. These will influence the amount of material introduced to 
the channel from tributary inputs and bank/bed stream interactions (eg 
resulting from biogeochemical processes, influent seepage etc). 
Gilvear and Petts (1985) showed significant quantities, particularly of 
minerogenic material were introduced by tributaries. The magnitude of 
solutes/sediment stored within the channel would also depend upon the 
timing and size of the previous release (Gilvear, 1987). One may 
predict that after a recent release or series of releases that source 
depletion would occur. Such source exhaustion may result in reduced 
chemograph lag times. This would be in agreement with Walling and 
Foster (1975) who found lag times progressively decrease though a 
series of closely spaced hydrographs. An extended time period between 
releases would allow the 'replenishment' of inchannel stores to occur 
from tributary and bank/bed inputs. 
2.3.3 TRANSVERSE MIXING IN NATURAL CHANNELS AND CROSS-SECTIONAL SOLUTE 
DISTRIBUTIONS DOWNSTREAM OF TRIBUTARY CONFLUENCES 
In spite of Beer and Young's (1980 and 1983) findings that dispersion 
in rivers is influenced by dead zone processes, turbulent mixing has 
been found to be 'generally' sufficient to produce a homegenous 
distribution of solute concentration in river cross-sections (eg 
Johnson, 1971; Glover and Johnson, 1974; Walling, 1984). Although 
workers (eg, Church, 1967) have implied that 'deadwater' areas should 
be avoided when examining lateral solute variations, as they may not be 
'representative' of the quality of the mainstream. 
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Secondly research has shown that asymmetric cross-sectional solute 
distributions may be found downstream of tributary confluences 
(Walling, 1984). For example lateral solute concentrations were found 
in the Susquehanna River at Harrisburg, Pensylvania, where high west 
bank bicarbonate levels were derived from tributaries draining 
limestone outcrops and high east bank sulphate levels reflected 
coal-mine drainage (Anderson, 1963). Transverse mixing was 
investigated using natural tracers downstream of the confluence of the 
Laird and Mackenzie Rivers, Canada and was shown to be not complete for 
some 300 miles (Mackay, 1966 and 1970). Cross-channel solute 
distributions were found to become uniform over 'mixing lengths' of 
25-250m in narrow, fast flowing Alpine streams (Day, 1975). Grundy 
(1984) found the main factors affecting stream mixing to be the 
discharge of the mainstream after the tributary confluence, the 
relative turbulence and the gradient of the mixing length. 
Observations of the behaviour of tracers and pollutants have 
established that vertical mixing is completed over relatively short 
distances, in contrast to the much longer distances required for 
transverse mixing (Yotsukura and Cobb, 1972; Yotsukura and Sayre, 
1976). 
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2.4 THE FRAMEWORK FOR THE STUDY OF BACKWATER AND DEAD ZONE 
HYDROCHEMISTRY 
A series of studies were undertaken to determine the influence of dead 
zones and backwaters on temporal variations of river hydrochemistry in 
riverine systems (Figure 1.1). Pilot investigations aimed to identify 
the influence of 'in-channel' dead zones, mixing processes and minor 
'off-channel' backwaters on water quality variations in rivers. From 
these preliminary studies developed the primary focus of the 
investigation, the examination of the influence of mainstream flow and 
quality variations on the hydrochemistry of a range of backwaters with 
different degrees of hydrological connectivity with the mainflow within 
the R Trent basin. In view of the effluent impacted nature of the 
catchment in which the above backwater studies were undertaken and 
their ecological importance long term nitrate concentration and load 
trends within the Trent basin were investigated. Finally the impact of 
reservoir emptying, and cleaning operations; and concurrent natural 
flood events on the Upper River Rhone, France in June 1986 were 
investigated to examine the influence of rapidly varying flow 
conditions on backwater hydrochemistry in a regulated upland river 
system. 
Pilot studies were undertaken utilising controlled reservoir releases 
to examine the influence of inchannel "solute sources" on water quality 
variations during unsteady flow in upland channels. Previous studies 
have indicated that the magnitude of solutes/sediment stored within the 
channel would depend upon the timing and size of previous reservoir 
releases and the replenishment of these sources by tributary derived 
material. Consequently a series of releases were studied to examine 
the effect of inchannel (or dead zone) solute source 'depletion' and 
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'replenishment' on water quality variations during artificial flood 
flow conditions. 
Pilot investigations were undertaken on the River Soar and River 
Derwent to determine at what scale deadwater zones in lowland rivers 
may produce "measurable" lateral variations in stream chemistry. These 
studies examined whether small bankside pockets, embayments and 
backwaters (which may be viewed effectively as large dead zones) etc 
(Bencala and Walters, 1983) resulted in measurable transverse water 
quality variations. 
Furthermore, preliminary investigations of cross-sectional inchannel 
solute concentration variations downstream of the R Amber - R Derwent 
confluence were undertaken to determine mixing lengths required for the 
breakdown of thermal and chemical gradients between the two rivers. 
Such studies may assist in the examination of hydrological influences 
on mixing between water bodies. 
An analogy may be drawn between the relationship between a river and 
its backwaters and between two tributaries downstream of their 
confluence. Lateral mixing between the two individual pairs of water 
bodies one may expect be partly controlled by cross-sectional velocity 
variations (particularly in the case of mixing downstream of tributary 
confluences) and moreover in the case of deadwater zones by the 
'storage and release' of water (Church, 1967 and 1975). Under such 
circumstances under 'sufficiently turbulent' flow conditions any 
thermal and chemical gradients between the water bodies would break 
down resulting in complete 'transverse' mixing (ie between the 
mainstream and its backwaters and between tributaries). Such results 
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may be used to indicate the importance of the influence of hydrology on 
mixing between the main river channel and its backwaters. 
If the rate of mixing between the mainstream and a backwater was great 
enough to break down any hydrochemical gradients existing between the 
two water bodies then it may be expected that their chemistry would be 
identical. Backwater chemistry would then be expected to 'approximate' 
to the rating relationship described by the rating curve for the 
determinand examined for the mainstream at that point. Consequently it 
may be hypothesised that differences in quality between the backwater 
and mainstream would reflect a reduction in the degree of mixing 
between the two water masses. A reduction in the degree/rate of mixing 
may result in increased residence time for the water mass within the 
backwater and hypothetically other processes, ie hydrological (eg 
groundwater exchanges; biological (eg nutrient processing by 
phytoplankton or macrophytes); and biogeochemical processes (eg 
sediment sorption and release) may further influence the composition of 
the water within the backwater (eg Carrel, 1986). Potentially a 
reduction in mixing may be expected when flow fluctuations and 
consequently turbulance are reduced under summer flow conditions. 
Additionally thermal gradients may be expected to develop under such 
conditions between the mainstream and backwater masses, which may 
further enhance a reduction in mixing. Whether the full magnitude of 
the chemistry changes in the mainflow are to be reflected in the 
backwater may also depend upon its size, geometry, nature of connection 
to the mainflow and the magnitude and duration of flow fluctuations. 
For example if the size of the connection between the mainstream and 
backwater is small or the backwater very large, mixing between the two 
water masses may be reduced, particularly during stable low flows. In 
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contrast under fluctuating flow conditions turbulence resulting from 
increasing or decreasing river levels may potentially result in the 
rapid breakdown of any thermal or chemical gradients which may have 
developed under low flow conditions between the backwater and 
mainstream. Even under flood conditions a temporal 'lateral-lag' may 
be expected before mainflow chemistry changes are reflected in the 
backwater. 
The development of hydrochemical variations between the main channel 
and its backwater environments may, therefore, be hypothesised to 
depend upon the duration of stable low flow conditions and the 
magnitude and timing of discharge fluctuations. These factors in turn 
would increase residence time which may influence rates of nutrient 
utilisation and biogeochemical processing etc. 
A major focus of this research was, therefore, to investigate the 
influence of mainstream flow and water quality variations on the 
hydrochemical dynamics of a range of backwater types with different 
degrees of hydrological connectivity with the mainflow within the R 
Trent basin. Furthermore reservoir emptying and cleaning operations 
undertaken on the Upper R Rhone provided a suitable opportunity to 
examine the potential influence of rapidly varying flow conditions on 
mixing between backwater environments and the mainflow. 
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INTRODUCTION 
The methodological procedures, techniques adopted and sites selected in 
this study of backwater and dead zone hydrochemistry are divided into 
four sections: 
The first describes a series of pilot studies which aimed to identify 
the influence of 'in-channel' dead zones, mixing processes and minor 
'off channel' backwaters (which may be viewed effectively as large dead 
zones) on water quality variations in riverine systems. 
The second section presents the methodological procedures and criteria 
adopted in order to examine the influence of mainstream flow and water 
quality variations on the physicochemistry of a range of seven lowland 
backwaters along three rivers within the effluent impacted River Trent 
basin. 
Thirdly the data analysis techniques utilised to examine long term 
nitrate concentration and load trends within the River Trent basin are 
presented. 
The final section outlines the analytical laboratory methods and field 
monitoring equipment used in the examination of backwater and dead zone 
hydrochemistry. 
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3.1 EXAMINATION OF THE INFLUENCE OF INCHANNEL DEAD ZONES ON WATER 
QUALITY FLUCTUATIONS DURING UNSTEADY FLOW, UTILISING CONTROLLED 
RESERVOIR RELEASES TO THE AFON TRYWERYN WALES 
Two reservoir releases from Llyn Celyn, N Wales to the Afon Tryweryn 
provided 'controlled' experimental conditions under which the effects 
of 'inchannel' (dead zone) solute sources on water quality variations 
in upland channels could be determined. A further release was 
used to examine 'at a station' lateral variations in solute 
concentration during unsteady flow. The following section describes 
the study site, catchment characteristics and methodological procedures 
adopted in this pilot investigation. 
3.1.1 CATCHMENT CHARACTERISTICS AND SITE LOCATION 
The Afon Tryweryn drains the Celyn basin, N Wales (Figure 3.1) and the 
study reach extends for BKm downstream of Llyn Celyn Dam to the 
confluence with the R Dee. The basin is underlain by Silurian grits, 
slates and shales. The impermeable slopes of the catchment produce a 
flashy river regime, although today it is regulated by reservoir 
releases. Solute loads are characteristically low; conductivity ranges 
from 32)4Scm-1 zsoc in headwater tributaries to llOf'Scm-1 zsoc in 
tributaries draining the lower slopes. The major contributor to 
conductivity is calcium (ca2+) which varies between 2 mgl-1 and 
11.0 mgl-1 within the catchment. Compensation flows from Llyn Celyn of 
0.368 m3s-1 during winter and 0.737 m3s-1 during summer are made to the 
Afon Tryweryn. These flows are augmented by releases for water 
supply, hydroelectric power generation, flood and drought protection 
and competitive white water canoeing. The frequency and duration of 
these releases is extremely variable. 
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Figure 3.1 The Afon Tryweryn catchment and sampling station locations. 
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3.1.2 METHODOLOGY 
Two releases were monitored to investigate the influence of inchannel 
dead zones on water quality variations on the Afon Tryweryn downstream 
of Llyn Celyn, N Wales. Prior to the first release on 1 April 1985 no 
full release (ie approximately 12.6 m3s-l) had been made for the 
previous 63 days. Four major tributary floods had occured within this 
period prior to the release (D Gilvear. per. comm). A full release 
occured one day prior to the second release studied on 11 May 1985. 
The former release allowed the 'replenishment' dead zone solute sources 
to be examined while the latter investigated source depletion. 
At sites 1-5 inclusive on the 1 April 1985 and sites 1, 3 and 5 on 11 
May 1985 stage was monitored at two minute intervals on the rising limb 
of the releases until no further change was observed. Water samples of 
approximately 250 ml were collected in polyethylene containers, 
previously washed in deionised water and rinsed in river water 
immediately prior to sampling. A minimum of three pre-release water 
samples were collected at each site. Samples were taken for between 
one hour after the passage of the release wave at site 1 and 
approximately two hours after the wave passage at site 5. Water 
samples were taken at approximately 40% depth and at arms length from 
the bank (Johnson and Glover, 1974). Foulger and Petts (1984) 
considered such sampling was representative of the water chemistry 
variation with changing discharge. 
Water samples were similarly collected for a third release in November 
1985 at site 5 only, to investigate lateral solute variability. 
Samples were taken by hand from both banks and from a bridge pier in 
the centre of the channel. 
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The parameters examined at sites 1-5 during the three reservoir 
releases are displayed in Table 3.I. The analytical laboratory/field 
monitoring equipment, and methods utilised in this study are described 
in Section 3.6. 
Table 3.1. The Eh~siochemical Earameters examined durin~ three 
reservoir releases to the Afon Tryweryn in AEril, May and November 
1985. 
--
I Parameters Examined I 
I I I I 
I Date I Site I Total Oxidised Calcium Conductivity Temperature I 
I I I Nitrogen I 
I I I I 
I I y y y N 
I 
I 
I 2 y y y N 
1-
I 
I Apr 3 y y y y 
I 
I 
I 4 y y y N 
I 
I 
I 5 y y y y 
I 
I I y y y N 
I 
I 
I May 2 y y y y 
I 
I 
I 3 y y y y 
I 
I Nov 5 y y y N 
I 
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3.2 CROSS-SECTIONAL VARIABILITY IN THE RIVER DERWENT AND MIXING 
DOWNSTREAM OF THE R DERWENT/R AMBER CONFLUENCE 
Studies in the R Derwent catchment, Derbyshire were utilised to examine 
the nature of cross-sectional solute variations in river channels. In 
addition an investigation of water quality variations downstream of a 
river channel confluence was used to determine the effects of mixing 
processes on cross-sectional 'solute distributions'. The R Derwent 
catchment, site location and experimental methodology of this pilot 
study are described herein. 
3.2.1 CATCHMENT CHARACTERISTICS AND SITE LOCATION 
The River Derwent is 106Km in length and rises on the millstone grit of 
Howden Moor at the southern end of the Pennines and drains a large part 
of the Peak District National Park (Figure 3.2). Its headwaters are 
impounded by the Derwent Valley reservoirs. The lower reaches of 
catchment are underlain by Carboniferous limestone and keuper marl. 
Although a predominantly rural, agricultural catchment it includes 
several urban and industrial centres, including the city of Derby. The 
Derwent receives a range of effluent discharges from several sources 
including reclamation works, mine workings and dye works. 
3.2.2.1 CROSS-SECTIONAL VARIABILITY METHODOLOGY 
Water samples were collected from three positions across the river in 
pool and riffle sections, at two depths (surface and bottom) to 
determine whether a range of quality parameters were distributed 
homogenously throughout the cross-section (Figure 3.2). Sampling was 
undertaken at monthly intervals between April and September 1985. 
Sampling was carried out from an AVON R-3.80 inflatable boat powered by 
an eight horse power engine. Position was maintained across the 
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Figure 3.2 The River Derwent catchment and sampling station locations. 
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channel by attaching a rope between the trees on the opposing banks. 
Surface water samples were taken by hand using 250 ml polyethylene 
bottles, previously washed in deionised water and rinsed in river water 
immediately prior to sampling. Surface samples collected at the 
bankside were taken as close as possible without disturbing the bank 
substrate. Samples from below the surface were taken using a pump 
sampler ('Automatic Liquid Sampler', model 4.B.S) with 6m of tubing. A 
lKg lead weight was attached to the head of the tubing to enable 
samples to be drawn up from just above the river bed. In addition 
individual water samples were taken from within the vegetated area 
adjacent to the bank of the pool section. 
The range of physiochemical parameters examined in this study are shown 
in Table 3.2. Field monitoring equipment and laboratory analytical 
methods utilised in this study are described in Section 3.6. 
The water quality data obtained were subject to statistical analysis to 
determine whether any apparent difference between samples was caused by 
non-homogenous distribution or by analytical errors. The chemical data 
were processed using 'Analysis of Variance' as described by Hilder and 
Wilson (1972). This analysis was carried out using the MINITAB 
statistical package on a Honeywell MULTICS system. 
3.2.2.2 MIXING SURVEY METHODOLOGY 
A preliminary survey was undertaken in October 1985 downstream of the 
River Derwent/River Amber confluence (Figure 3.2) to examine the effect 
of turbulent mixing on lateral quality variations downstream of the 
tributaries. Conductivity was chosen to indicate the nature of lateral 
mixing between the tributaries, 1985 STWA data showed distinct 
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differences in conductivity levels between the two tributaries. The 
mean annual conductivity at Whatstandwell on the River Derwent was 442 
~Scm-1 25oc, whilst that at Ambergate on the River Amber was 1700fScm-l 
25°C. The data also indicated thermal differences may occur between 
the tributaries and consequently temperature was also examined. These 
parameters were readily measurable in the field using a portable 1 phox 
100 DPM' water quality meter. Surface recordings were made at three 
positions across the channel (left bank, middle and right bank) up to 
300m downstream of the confluence, as described in Section 3.1.2. 
Excessive weed growth and currents in the channel around 300m 
downstream of the tributaries made handling the boat dangerous and the 
survey was curtailed at this point. 
On the basis of preliminary results two main surveys were carried out 
in June and September 1986 similarly to investigate the influence of 
mixing on transverse quality variations downstream of the confluence, 
which additionally aimed to estimate the mixing length of the reach. 
Surface and bottom measurements of a range of parameters shown in Table 
3.2 were made at five points across the channel using the portable 
water quality meter. These recordings were made at approximately 10, 
250, 500 and 750m downstream of the confluence and then at irregular 
intervals to determine where complete mixing had occured. Mixing was 
deemed to be complete when cross-sectional variations of conductivity 
which could be readily measured in the field were : less than 20 fS 
cm-1 25°C (the limit of instrument accuracy and approximately less than 
5% of the 'expected' potential transverse variability when mixing is 
deemed to be complete). Similar measurements were made upstream of the 
confluence in the River Derwent and at 3 positions across the channel 
in the River Amber. During the September survey only surface and 
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bottom water samples were taken. These samples were collected by the 
method described in Section 3.2.2.1. With 24 pump sampler bottles 
available, 5 bottom samples were taken at 10, 250 and 750m downstream 
of the confluence, 5 upstream in the River Derwent and 3 in the River 
Amber. STWA computer archive data showed distinct differences between 
the chloride levels in the River Amber and River Derwent. A mean 
annual chloride concentration of 329 mgl-1 was recorded at Ambergate on 
the River Amber in 1985, whilst the mean annual concentration at 
Whatstandwell on the River Derwent was 34 mgl-1. In view of the number 
of mine waste and dye work effluents entering the River Amber it was 
speculated that sulphate concentrations may also sharply contrast 
between the two rivers. No water authority data was available for this 
determinand. Consequently the water samples were analysed for sulphate 
and chloride (Table 3.2). 
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3.3 PRELIMINARY INVESTIGATIONS OF RIVER SOAR BACKWATER HYDROCHEMICAL 
DYNAMICS 
Pilot investigations on the lowland R Soar, Leicestershire were used to 
determine whether physiochemical differences in a range of determinands 
occurred between the thalweg (mainstream) and a series of three minor 
backwaters (dead zones). A general summary of the catchment 
characteristics and site location precedes a description of the 
experimental methodology adopted. 
3.3.1 CATCHMENT CHARACTERISTICS AND SITE LOCATION 
The River Soar is 67 Km in length, rising 20Km to the south west of 
Leicester. It drains the majority of the county of Leicestershire 
before joining the River Trent upstream of Nottingham (Figure 3.3). 
The Upper Soar catchment is underlain by boulder clay which provides 
very rich agricultural land. The west-central part of the basin is 
dominated by the Charnwood forest, an isolated granite outcrop. The 
northern part of the catchment fringes on coalfields associated with 
clay workings. Downstream of Leicester the Soar receives a large 
effluent input (average daily input 126 Mld-1) from Wanlip reclamation 
works yet still achieves its Class 2 quality objective downstream of 
the works. The proportion of treated sewage effluent carried by the 
Soar reaches 70% at its confluence with the River Trent under dry 
weather flow conditions. 
Three backwater sites with differing dimensions were selected at Barrow 
Upon Soar (Figure 3.4) in order to examine the influence of mainstream 
flow and quality variations on their hydrochemistry. They were 
selected because of their close_proximity to each other differing 
characteristics and were located close to Loughborough. 
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Figure 3,3 The River Soar catchment and sampling station locations. 
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Figure 3.4 (a) The River Soar at Barrow @ 1886 and @ 1986; showing the 
location of the three backwater field sites. 
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Figure 3 . 4 (b) Barrow backwater on the River Soar viewed from the 
mainstream. 
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Site (a) (Figure 3.4) was a small 1m deep, approximately 8m long and 
3-Sm wide embayment of unknown origin. Backwater (b) was a shallow 
(less than 25cm deep under low flow conditions), partially cut off, 
abandoned former channel. It varied between 10 and SOm in length and 
was approximately 2-4m wide depending upon flow conditions. 
Backwater c was an artificial backwater created during gravel 
extraction operations prior to 1960. The upper part of Figure 3.4 
shows the area before gravel workings, whilst the lower half shows the 
present location of the backwater. The channel was 320m in length and 
in permanent contact with the river at its downstream end. Depth 
within different areas of the backwater varied between 0.5 and l.Om 
during summer low flow conditions, whilst width was between 3.0 and 
6.0m. 
3.3.2 METHODOLOGY 
Water samples were taken by hand at arms length from the bank in the 
three deadwater areas using 30ml Steralin containers. At a point water 
samples were taken from the mainstream and backwaters (a) and (b); 
' whilst sample collection was undertaken at 10, 20, 30, 40, 50, 60, 80, 
100, 120, 140, 160, 200, 240, 280 and 320m from the mainstream into 
backwater c. Sampling was undertaken at fortnightly intervals between 
April and October 1985 (with the exception of a three week interval 
during September) and on two separate occasions during peak winter 
flows. Stage was measured at the same intervals. Pilling's Lock STWA 
gauging station at Barrow came into service in June 1985 and provided a 
limited discharge data record. Initial operating difficulties though 
meant this record was incomplete. 
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The water samples were analysed for a range of determinands (Table 
3.3). The laboratory techniques and equipment used to analyse these 
samples are described in Section 3.6. 
Table 3.3 The physiochemical parameters examined during pilot 
investigations of hydrochemical differences between the mainstream and 
three backwaters on the R Soar at Barrow, 1985. 
Parameters Examined 
Site Total Oxidised Orthophosphate 
Nitrogen 
Backwater (a) y y 
Backwater (b) y y 
Backwater (c) y y 
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Chloride 
y 
y 
y 
Calcium I 
I 
I 
Y I 
I 
Y I 
I 
Y I 
I 
--- ---------------------------------------------
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3.4 THE EXAMINATION OF THE INFLUENCE OF MAINSTREAM FLOW AND WATER 
QUALITY VARIATIONS ON THE HYDROCHEMICAL DYNAMICS ON BACKWATER AREAS IN 
THE R TRENT BASIN 
The primary focus of this study was to examine the influence of main 
river flow and quality variations on the physicochemistry of a range of 
backwater types within the effluent impacted River Trent basin. Herein 
the methodological procedures adopted to fulfil this aim are presented. 
A general summary of the catchment characteristics proceeds an 
examination of the surface and groundwater quality of three major STWA 
monitoring sites on the rivers on which the backwaters were selected 
for study. Site descriptions are then presented within the framework 
of Roux's (1982) typology of aquatic and semi-aquatic floodplain 
environments. Finally selection criteria for the range of determinands 
examined, field sampling procedures and details of data analysis are 
presented. 
3.4.1 RIVER TRENT CATCHMENT CHARACTERISTICS 
The R Trent drains an area of nearly 10,500 Km2 containing a population 
of over 5.5 million, including the urban areas of Birmingham, 
Nottingham, Derby and Leicester (Figure 3.5). The solid geology of the 
Trent basin is dominated by sedimentary rocks of Carboniferous, 
Permo-Triassic and Jurassic ages. Outcrops of igneous and metamorphic 
rocks are confined to small areas. Surface deposits of Recent and 
Pleistocene ages are found in all sections of the Trent basin. Glacial 
deposits cover much of the catchment especially in the west and south. 
The Trent basin is predominantly used for arable and dairy farming 
although some higher ground, eg the southern Pennines are used for 
sheep farming and forestry. 
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Figure 3.5 The location of major STWA water quality gauging stations 
within the River Trent catchment. 
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The source of the R Trent is on Biddulph Moor, north of Stoke on Trent. 
Downstream of Stoke the river becomes polluted by sewage and industrial 
effluent and has a quality classification of 3 downstream to Stone. 
Below Stone the river remains in class 2 until it enters the Humber 
estuary. 
The R Tame drains a major part of the heavily industrialised W Midlands 
conurbation and receives massive inputs of sewage and industrial 
effluent as well as large quantities of polluted urban runoff in times 
of wet weather. Although the R Tame in its upper reaches is of 
particularly poor quality the Tame Basin Reclamation Scheme has 
resulted in a significant improvement in quality in recent years. The 
commissioning of the first of the Kingsbury purification lakes in 1980 
has already moved the middle and lower reaches of the R Tame into Class 
3 and near to its Class 2 quality objective. At low (95% frequency) 
river flows, 90% of the R Tame is derived from sewage and industrial 
effluent and even under average flow conditions 55% of the river flow 
consists of effluent. The proportion of effluent under dry weather 
flow conditions in the R Trent at Walton downstream of the R Tame - R 
Trent confluence reaches almost 55%. In contrast at Yoxall upstream of 
the confluence the proportion of effluent is less than 30%, (Pirt, 
1983). 
Three major tributaries enter the Trent between Walton and Nottingham. 
The R Dove rises near Buxton and drains a predominantly upland rural 
area underlain by Carboniferous limestone. Before joining the R Trent 
downstream of Burton the Dove is joined by the R Churnet, 28 Km from 
the Dove-Trent confluence. The Churnet receives a range of effluent 
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inputs from reclamation and dye works. The R Dove achieves a quality 
classification of 1A/1B for its entire length. 
The catchment characteristics of the R Soar and R Derwent have been 
described previously in Sections 3.2 and 3.3 
At Trent Bridge, Nottingham the R Trent has a catchment area of 7486 
Km2. The proportion of effluent within the river under low flow 
conditions at this station is nearly 40% (Pirt, 1983). 
Figure 3.5 shows the location of rivers within the basin together with 
sites of major STWA quality monitoring points. River and catchment 
dimensions are shown in Table 3.4. 
Table 3.4: River and catchment dimensions 
DISTANCE ABOVE I TOTAL I CATCHMENT I 
RIVER AND SITE CONFLUENCE (Km) I LENGTH OF I AREA (Km2) I 
WITH R TRENT I RIVER (Km) I I 
I R Tame Chetwynd 1.5 77 1516 
I Bridge 
I 
I R Dove Monk's Bridge 1.5 90 1013 
I 
I R Derwent St Mary's Bridge I 21.0 1054 
I I 106 
I Church Wilne I 1.5 1189 
I I 
IR Soar Red Hill Lock 0.5 67 1388 
I 
I R Trent Yoxall (-) 1167 
I 
I Walton (-) 266.5 3027 
I 
I Trent Bridge (-) 7486 
I Nottingham 
I 
69 
PT2AAD 
3,4.2 SURFACE WATER QUALITY VARIATIONS RECORDED DURING 1986 AT 
SEVERN-TRENT WATER AUTHORITY - SPECIAL SAMPLING SITES ON THE RIVER 
DERWENT, RIVER SOAR AND RIVER TRENT 
Figures 3.6 - 3.8 present selected STWA solute concentration and 
discharge data for three of the authorities 'special sampling sites' on 
the River Trent, River Soar and River Derwent for 1986. The location 
of these sites are illustrated in Figure 3.5. Trent Bridge, 
Nottingham, is located downstream of the Beeston backwater site whilst, 
Red Hill Lock, the major sampling site on the River Soar is located 
downstream of all three backwater sites on this river. Wilne on the 
River Derwent is located downstream of the Borrowash field site. 
Rating relationships for a number of determinands examined in this 
study for the special sampling sites are shown in Figures 3.9 - 3.11. 
Total oxidised nitrogen displays a slight negative relationship with 
increasing discharge in the River Trent and River Derwent whilst the 
exponent for the rating relationship at Red Hill Lock on the River Soar 
is effectively zero. Calcium displays a slightly more negative rating 
relationship with exponents of between -0.09 and -0.23. Marked 
negative relationships were discernable for chloride data in all three 
rivers, with negative exponents of between -0.31 and -0.47 being 
recorded for the 1986 data. Orthophosphate exhibits the most 
pronounced negative relationship with increasing discharge, reflecting 
the dilution of effluent inputs. Exponents of between -0.7 and -1.01 
were documented, Ammoniacal nitrogen data displayed considerable 
scatter. Conductivity exponents were similar but slightly greater than 
those displayed by calcium, Sulphate data for the River Trent at 
Nottingham showed a marked negative relationship. 
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Figure 3.6 Solute concentration and discharge data for the River Trent 
at Trent Bridge, Nottingham during 1986. 
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Figure 3.7 Solute concentration and discharge data for the River Soar 
at Red Hill Lock during 1986. 
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Figure 3.8 Solute concentration and discharge data for the River 
Derwent at Wilne during 1986. 
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the River Trent at Trent Bridge, Nottingham during 1986. 
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the River Soar at Red Hill Lock during 1986. 
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3.4.3 GROUNDWATER QUALITY OF RIVER TERRACE DEPOSITS WITHIN THE RIVER 
TRENT BASIN 
Backwater hydrochemistry may also be influenced by variations in 
groundwater chemistry. Chemical analysis of groundwater from river 
terrace deposits at Burton showed that up to 1700 feet from the R Trent 
the chemistry of the gravel water is very similar to that of the river 
(NERC, 1970). Whilst observations made by the Trent River Authority in 
the Nottingham area have indicated that there may only be limited 
connection between river water and groundwater in the alluvial 
deposits. Broadhead and Mackey (1972) studied river induced recharge 
of the Lower Trent gravels. They found prior to the pumping of three 
experimental boreholes between 50 and 300 feet from the river that 
chloride levels were generally lower in groundwater than the 
mainstream. Concentrations of between 30 and 55 mg 1-1 were recorded 
in the groundwater and between 55 and 195 mg 1-1 in the river over the 
study period. Higher levels in groundwater were recorded closest to 
the river. During pumping to abstract groundwater chloride levels 
increased towards river levels indicating recharge from the river had 
occurred. The chemical and hydraulic data indicated that recharge from 
the river made up approximately 50% of the abstracted quantity. 
Although no data was presented it was indicated that sulphate and 
nitrate levels were lower in groundwater. Contamination by Keuper Marl 
made interpretation of variations in levels of calcium, conductivity 
and sulphate difficult. After abstraction sulphate and nitrate levels 
also approached river levels. 
Examination of STWA groundwater data for 31 sites in the floodplains of 
the Middle Trent, R Soar and R Derwent between 1984 and 1987 revealed 
that chloride levels were generally lower than those in river water. 
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Calcium hardness (CaCOJ) levels, although high in both groundwater and 
river water were present in slightly greater concentrations in 
groundwater, In general nitrate concentrations were lower in 
groundwater than in river water. Phosphate concentrations were 
generally less than 0,1 mgl-1 and significantly less than river levels. 
Conductivity levels were similar for groundwater and river water. 
Sulphate levels in groundwater were extremely variable, although they 
appeared to be slightly higher in groundwater than mainstream flow, 
The occurence of low concentrations of the 'conservative' ion chloride 
in groundwater indicates that it may be possible to use chloride as an 
'abiotic' describer of the groundwater influence on backwater areas. 
3.4.4 SITE SELECTION CRITERIA 
A range of criteria governed backwater site choice. The sites selected 
were to encompass a range of backwaters/secondary channels along a 
continuum from those which were hypothesised to be dominated by main 
river flow conditions (eupotamon) to those which were not in permanent 
contact with the mainflow and only expected to be mildly influenced by 
river discharge fluctuations, (palaeopotamon). 
Sites were preferentially chosen on river reaches for which comparable 
STWA surface water quality and flow data were available. Field sites 
had to be readily accessible by foot or by boat and of a 'managable' 
size to study. All sites were to be within an approximate 50Km radius 
of Loughborough in order to allow sample collection to be undertaken on 
a regular basis, Ideally the 'representative range' of backwaters 
would have been within one short reach of river with no tributary 
inputs between sites, with the result that the hydrochemistry of the 
mainstream would have been similar throughout the study reach. 
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3.4.5 SIT& S&L&CTION 
Preliminary investigation of recent ordnance survey map sources of 
scales from 1:50,000 to 1:10,560 revealed over thirty potential 
backwater sites for study within an approximate 50Km radius of 
Loughborough. Field survey of these sites was undertaken. Field sites 
were examined on the R Trent between Burton and Colwick and on the 
Lower R Dove. Other backwaters were surveyed on the R Soar between 
Leicester and the R Trent confluence at Red Hill Lock and on the R 
Derwent downstream of Derby. 
Many backwaters identified from map sources were found to no longer 
exist, having been infilled artificially or naturally. Several other 
sites were found to be inaccessible. A 'suitable range' of backwater 
sites was identified on the R Soar close to Loughborough. 
Unfortunately the breaching of a weir downstream of these sites 
resulted in a decrease in water levels and the complete drying out of 
several backwaters, consequently these sites were abandoned. A number 
of backwaters in the Middle Trent and Lower R Dove had been isolated 
from the main river by embankments or in-filled for agricultural 
purposes. Further investigation showed that a large number of 
backwater areas were artificial having been created as flood relief 
channels or when gravel workings were connected to the mainflow. As 
such backwaters were typical of those found within the R Trent basin it 
was decided to include a selection of these in the range of backwaters 
to be studied. 
Seven backwater sites were finally identified to be representative of 
the continuum of those present within the study area (Figure 3.12). It 
was not possible to find a representative range of suitable backwater 
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Figure 3.12 The locations of backwater sites selected for study in the 
Trent basin. 
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sites on one river. Consequently three sites were chosen on the R 
Trent, three on the R Soar and one on the R Derwent. This selection 
includes five natural and two artificial backwaters. The seven 
backwaters are classified within the framework postulated for the 'Haut 
Rhone' France by Roux (1982), (Table 3.5). The classification is 
somewhat arbitrary as backwaters actually form a transitional sequence 
between the eupotamon and palaeopotamon. 
Table 3.5 Classification of backwater sites in study 
Name of 
Functional Unit 
I EUPOTAMON 
I 
I 
I PARAPOTAMON 
I 
I 
I 
I 
I 
I PLEISIOPOTAMON 
I 
I 
I 
I 
I 
I PALAEOPOTAMON 
I 
I 
I 
I 
Definition 
I Running water 
I ecosystem 
I 
I 
I Semi-stagnant. 
I 
I Still connected at 
I downstream end to 
I river 
I 
I No permanent 
I contact to main flow, 
I highly influenced by 
I river discharge 
I 
I No permanent contact 
I to mainflow, mildly 
I influenced by river 
I discharge 
I 
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Study Site 
I Cossington (Soar) I 
I Borrowash (Derwent)l 
I I 
I Beeston (Trent) 
I 
I Barrow (Soar) 
I 
I Shardlow (Trent) 
I 
I 
I Stanford (Soar) 
I 
I 
I 
I 
I Willington (Trent) 
I 
I 
I 
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3.4.6 SITE DESCRIPTIONS 
3.4.6.1 EUPOTAMON BACKWATERS 
3.4.6.1.1 COSSINGTON, RIVER SOAR 
The 400m long natural secondary channel is located at the R Soar - R 
Wreake tributary 9Km north of Leicester (Figure 3.12). The channel is 
connected to the main channel of the R Soar at its upstream end and to 
a short canalised section at its downstream end (Figures 3.13, a, b and 
c). The channel width varies between l.Sm and 4.0m, whilst depth 
varies between Scm and 70cm under summer low flow conditions. Flows of 
less than 0.05 m3s-l were recorded within the secondary channel during 
summer low flow conditions. 
The path of the channel has changed little between 1886 and 1986 
(Figures 3.13 a and b). 
3.4.6.1.2 BORROWASH, RIVER DERWENT 
The man-made 'backwater' at Borrowash 8Km east of Derby was one of 
three flood relief channels built on the R Derwent downstream of Derby 
during the 'Derby Riverlands Improvement Scheme' and was completed in 
1934. Figure 3.14a shows the river reach before the relief channel was 
built, whilst Figures 3.14 b and c show the present channel. The high 
crested weir built at the upstream end of the 900m long flood relief 
channel was expected to over-top on ten days per year (STWA 
communication). This was not found to be the case with flow over the 
weir occurring for some 310 days in 1986. Consequently the O.Sm to 
l.Sm deep relief channel acted as an almost continuously flowing 
secondary channel. 
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Figure 3. 13 Cossington backwater on the River Soar@ 1886 and @ 1986. 
The photograph views the backwater from its downstream end . 
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Figure 3.14 (a) The River Derwent at Borrowash prio~ to construction 
of the artificial backwater (@ 1886; upper figure) and during 1986 
(lower figure). 
84 
b 
c 
Figure 3 . 14 (b) The w~t r and; (c) the a r ti.fici.al 
backwater at Borrowash on the Ri.ver Derwen t . 
85 
. '
STOR-A-FILE IMAGING LID 
DOCUMENTS 
OF POOR 
ORIGINAL 
HARD 
COPY 
'• . 
' 
Date· 12102/08 Authonsed by: S1mon Cockbiii Issue 2 Page loft 
li in bard copy, thiS page IS UNCONTROLLEJ) and only valid on date ollssue 16-May-08 
3,4,6.2 PARAPOTAMON BACKWATERS 
3.4,6,2.1 BEESTON, RIVER TRENT 
Beeston backwater was situated 6Km to the SW of Nottingham upstream of 
Beeston weir. The narrow (3.0- 4.0m wide) backwater was possibly a 
former secondary channel on the outside of a gravel bar which was cut 
off at the upstream end, Figures 3.15 a and b. The backwater now runs 
parallel to the main river for 200m and was approximately l.Om- 1.5m 
deep and 4.0m wide where it meets the mainflow (Figures 3.15 b and c). 
The backwater becomes shallower towards the upstream end where its 
depth is less than O.Sm. The backwater was surrounded by a caravan 
site and was consequently only accessible by boat. 
3.4.6.2.2 SHARDLOW, RIVER TRENT 
The Shardlow site was a former inundated gravel pit situated 
approximately 15Km SW of Nottingham. The gravel pit was connected to 
the main river @ 1970 to form a boat marina, (Figures 3,16 a, b and c). 
The channel connecting the river and the marina is approximately 20m 
long and lOm wide with a depth of 3.0m. The backwater was 
approximately 300m in length and 250m"wide, with a depth of between 2.0 
and 4.0m. The gravel pit was in permanent contact with the mainflow, 
3,4,6,2.3 BARROW, RIVER SOAR 
Barrow backwater is described in Section 3.3.1. 
3.4.6.3 PLESIOPOTAMON BACKWATERS 
3,4,6.3.1 STANFORD, RIVER SOAR 
Map sources indicated that the oxbow lake at Stanford 1Km north of 
Loughborough was annexed from the main R Soar in the 1930's or 1940's 
(Figure 3.17 a and b). The backwater was in contact with the mainflow 
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Figure 3.15 Beeston backwater on the River Trent @ 1886 and@ 1986, 
together with a v iew of the upstream end of the study site . 
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Figure 3.16 The River Trent at Shardlow befor e and after construction 
of the martna. The photograph views the backwater from Cavendish 
Bridge . 
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for approximately 220 days during 1986, For much of the study period 
between May and October there was no permanent contact between the 
oxbow and the mainflow. The oxbow varied between 150m - 200m in length 
and 5.0m to 15.0m wide according to river levels. The zone of contact 
between the mainflow and backwater was 4.0m wide. Backwater depth 
varied between less than 5cm and l.Om during summer low flow 
conditions. The oxbow is shown in Figure 3.17 c. 
3,4,6.4 PALAEOPOTAMON BACKWATERS 
3.4.6,4.1 WILLINGTON, RIVER TRENT 
This palaeopotamon backwater varied markedly in size and was between 30 
and 100 metres long over the study period (Figures 3,18 c and d). 
Figure 3.18 a shows that the present floodplain lake (Figure 3.18 b) 
was in connection with the mainstream at its downstream end during the 
late 19th century. 
3.4.7 SAMPLING STRATEGY AND SCHEDULE FOR THE INVESTIGATION OF RIVER 
TRENT BASIN BACKWATER HYDROCHEMISTRY 
Water quality monitoring was undertaken between May and October 1986 to 
investigate the influence of mainstream flow and chemistry variations 
on the hydrochemical dynamics of seven backwaters within the River 
Trent basin. This period was selected to encompass 'potentially' 
stable summer low flows, together with 'expected' more variable 
discharge conditions in the spring and autumn. Under low flow 
conditions the 'retention' period of solutes within these 
'storage-zones' may potentially be increased. Consequently the impact 
of other processes ie; hydrological (eg groundwater exchanges); 
biological (eg nutrient utilisation) and biogeochemical processes (eg 
sediment sorption and release) on backwater hydrochemistry may be 
c 
b 
c1986 
m 
r--1 
0 ~ 
Figure 3.17 The River Soar at Stanford before and after the annexatton 
of the backwater from the matn channel . The photograph ill ustrates the 
semi- permanent connection with the mainstream. 
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Figure 3. 18 (a) and (b) Wi11ington bac kwater@ 1886 and@ 1986 . 
Figur e 3.18(c) Wi1lington backwate r under low flow conditions . 
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Figure 3.18(d) Willington backwater under flood flow conditions . 
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indicated. Sample collection was undertaken at fortnightly intervals 
at sites on the River Soar and River Derwent; and at monthly intervals 
for the three backwater sites on the River Trent. 
The following section examines the choice of determinands selected in 
this investigation of backwater hydrochemistry. 
3.4.7.1 DETERMINAND SELECTION 
On the basis of the results of pilot investigations and the examination 
of water authority quality data a range of solute parameters were 
selected to allow the influence of mainstream discharge and quality 
variations on backwater hydrochemistry to be determined. The selection 
of individual determinands was governed by a range of factors. 
Chloride was chosen as it was potentially a "dual" "abiotic" indicator 
of mainstream and groundwater influence on backwater environments, 
displaying substantially higher concentrations in the mainstream than 
groundwater. Orthophosphate and total oxidised nitrogen were in part 
selected because of the potential impact of biological and 
biogeochemical processes on their levels within backwater environments; 
as a result of increased retention times due to a reduction in mixing 
particularly during summer low flows between the 'dead zones' and the 
mainstream. In addition orthophosphate-discharge ratings in the R 
Trent basin displayed marked negative relationships with relatively 
little scatter. This allowed orthophosphate concentrations to be 
reasonably approximated at a given discharge. Consequently any 
significant reductions from levels below those predicted by the rating 
relationship could be attributed to a reduction in mixing and the 
influence of other processes (eg biological and groundwater 
influences). Total oxidised nitrogen levels varied little with 
discharge within the catchment and, therefore, low backwater 
93 
concentrations could be attributed to the influence of 
biological/biogeochemical processes etc. Substantial quantities of 
effluent from reclamation works with relatively high ammoniacal 
nitrogen levels enter rivers within the Trent basin. In addition this 
determinand is unusual in that it tends to show an increase in 
concentration with discharge. Thus ammoniacal nitrogen provided an 
additional indicator of mainstream influence on backwater areas. 
Furthermore, it was postulated that increased retention times within 
backwater areas as a result of decreased hydrological connectivity with 
the mainstream may also potentially influence ammoniacal nitrogen 
levels due to biological/biogeochemical activity within these zones. 
In addition sulphate and calcium were selected for investigation. As a 
result of parts of the Trent catchment being underlain by keuper marl 
elevated levels of these determinands have been found in floodplain 
groundwater and consequently may provide an indication of groundwater 
influence on backwaters. Furthermore these determinands may also be 
influenced by biological/biogeochemical activity. 
Finally in view of the potential ecological importance of backwater 
environments dissolved oxygen, temperature and pH variations between 
the mainflow and some backwaters were also examined. These parameters 
would also provide an indication of whether biological and 
biogeochemical processes were affecting nutrient levels as a result of 
increased retention times. 
3.4.7.2 FIELD SAMPLING 
Water samples were collected and field measurements were made upstream 
of the secondary channel at Cossington and within the backwater itself 
at 50m intervals up to 200m into the backwater and subsequently at 300m 
and 400m (Figure 3.19 a). 
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Figure 3.19 The sampling points at (a) Cossington, (b) Stanford, (c) 
Borrowash and (d) Barrow backwaters. 
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A l.Om deep well was sunk into the river gravels underlying the 
Stanford oxbow site in order to examine 'potential' groundwater 
influences on backwater hydrochemistry. The well shaft was made from a 
piece of 4cm diameter plastic tubing drilled with 2mm holes to allow 
the inflow of ground/soilwater which was placed in an augered borehole. 
The well was capped with a rubber bung to prevent contamination and 
covered to prevent damage by cattle. Samples were extracted from the 
well using a 30 ml steralin container suspended on a piece of plastic 
cable. In addition water samples were taken from the main channel, 
lOm, 75m and lSOm into the backwater as illustrated in Figure 3.19 b. 
Water samples were taken and field measurements made in the mainstream 
of the River Derwent directly upstream of the weir above the Borrowash 
backwater and at 100, 200, 300, 400, 500 and 900m downstream of the 
weir. Additionally the urban runoff entering the 'flood relief 
channel' at its upstream end was monitored (Figure 3.19 c). 
The backwater at Barrow Upon Soar was examined at 10, 20, 30, 40, SO, 
100, 150, 200, 250 and 300m intervals from the mainstream. Sampling 
was also undertaken in the mainstream and adjacent gravel pit (Figure 
3.19 d). 
Sampling was undertaken along three transects (Figure 3.20 a) by boat 
at Shardlow Marina. Samples were collected from the mainstream and at 
20m and SOm into the backwater. Subsequent sampling was undertaken at 
SOm intervals into this former gravel pit. 
Beeston backwater (Figure 3.20 b) on the River Trent was only 
accessible by boat and field monitoring at this site was undertaken at 
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Figure 3.20 The sampling points at (a) Shardlow and (b) Beeston on the 
River Trent. 
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lOm intervals up to 50m into the backwater and then subsequently at 20m 
intervals. The mainstream sample was collected from midstream. 
Single samples were taken from the mainstream and backwater at 
Willington. 
In addition the impact of a single flood event on backwater and 
mainstream chemistry was monitored at Barrow Upon Soar in May 1986. 
Water samples were collected directly downstream of Barrow roadbridge 
(downstream of the canal/river Soar confluence; approximately 500m 
below the backwater site) at daily intervals between the 18th and 29th 
of May. Water samples were taken within the backwater at 10, 20, 30, 
50, 100, 150, 200 and 300m intervals as well as from the mainstream 
itself on the 22nd of May when the backwater was 'flooded out'. 
A summary of the physicochemical parameters monitored in the field or 
analysed in the laboratory for the seven sites is shown in Table 3.6. 
---------------------------------------
Table 3.6. The 2hzsicochemical 2arameters examined durin& the 
investigation of the influence of mainstream flow and gualitz 
variations on the hydrochemistry of seven backwaters within the River 
Trent basin. 
I Parameters Examined 
Monitoring I 
Site Frequency I NH4N TON I P04P Cl ea so4 DO roe pH Cond 
I I 
Borrowash FortnightlY! y y I y y y N N N N N 
(R Derwent) I I 
I I 
Cossington FortnightlY! y y I y y y N y y y y 
(R Soar) I L 
I 
Barrow Fortnightly! y y y y y N y y y y 
(R Soar) I 
I 
Stanford FortnightlY! y y y y y y y y y y 
(R Soar) 
Willing ton Four y y y y y y y y y y 
(R Trent) Weekly 
Shard low Four y y y y y y y y y y 
(R Trent) Weekly 
Bees ton Four y y y y y y y y y y 
(R Trent) Weekly 
3.4.7.3 DATA ANALYSIS 
The non-parametric Mann-Whitney test was used to determine whether a 
significant difference between mainstream and backwater hydrochemistry 
existed over the study period, Water quality data frequently does not 
meet the requirements and assumptions of parametric tests (ie normal 
distribution, etc) (Van Belle and Hughes, 1984). Additionally 
idiosyncrasies of the data such as missing values could be more easily 
handled by this non-parametric method, The null hypothesis was used that 
the samples come from populations with the same median and shape (ie the 
same hydrochemistry). A confidence level of 5% was used. 
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3.5 LONG TERM NITRATE TRENDS WITHIN THE RIVER TRENT BASIN 
Nitrate data are presented for eight sampling sites, on the River Trent 
and four major tributaries with markedly differing quality 
characteristics (Table 3.7). All data sets begin in the 1950s, three 
relating to abstraction points for potable water supplies. Data are 
presented for the two urban and two rural catchments. First, the River 
Tame has a heavily industrialised catchment which receives major sewage 
and industrial effluent inputs from the Birmingham conurbation. 
Secondly, the River Soar catchment has extensive urban influences and 
contains the city of Leicester within its boundaries. The two 
predominantly rural catchments are the River Derwent and River Dove. 
Concentration data are also presented for three sites on the River 
Trent itself. Concentration data prior to 1976 were collected as 
nitrate-nitrogen (N03N), whilst data collected post 1976 were collected 
as total oxidised nitrogen (TON). As nitrate-nitrogen (NOzN) data were 
available for a number of years prior to 1976 it was possible to 
calculate TON levels and also estimate the influence of including NOzN 
values on the rates of increase in concentration. The Trent Bridge 
gauging station at Nottingham is the major recording station for the 
catchment and represents a key point for assessing the progress in 
quality control in the River Trent basin (STWA, 1986). Given the 
availability of a relatively long continuous data series, long term 
nitrate loads were calculated for Trent Bridge. 
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TABLE 3.7: QUALITY CLASSIFICATION FOR FRESHWATER RIVERS AND CANALS 
RIVER 
CLASS 
I lA. Good 
I Quality 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
lB. Good 
Quality 
2. Fair 
Quality 
PT4AAA 
(SYSTEM INTRODUCED BY THE FORMER NATIONAL WATER COUNCIL IN 1978) 
QUALITY CRITERIA 
Class limiting criteria 
(95 percentile) 
(i) Dissolved oxygen 
saturation greater than 
80%. 
(ii) Biochemical oxygen 
demand not greater than 
3mg/l 
(iii) Ammonia not 
greater than 0.4 mg/1 
(iv) Where the water is 
abstracted for drinking 
water, it complies with 
requirements for A2* 
water 
(v) Non-toxic to fish 
in EIFAC terms (or best 
estimates if EIFAC 
fi ures not available 
(i) DO greater than 60% 
saturation 
(ii) BOO Not greater 
than 5mg/l 
(iii) Ammonia not 
greater than 0.9 mg/1 
(iv) Where water is 
abstracted for drinking 
water, it complies with 
the requirements for 
A2* water 
(v) Non-toxic to fish 
in EIFAC (or best 
estimates if EIFAC 
figures not available) 
(i) Do greater than 40% 
saturation 
(ii) BOO not greater 
than 9 mg/1 
(iii) Where water is 
abstracted for drinking 
water it complies with 
the requirements for 
A3* water 
(iv) Non-toxic to fish 
in E/FAC terms (or best 
estimates if E/FAC 
figures not available 
I 01 
REMARKS 
(i) Average BOO probably 
not greater than 1.5 
mg/1 
(ii) Visible evidence of 
pollution should be 
absent 
(i) Average BOO probably 
not greater than 2mg/l 
(ii) Average ammonia 
probably not greater 
than 0.5 mg/1 
(iii) Visible evidence 
of pollution should be 
absent 
(iv) Waters of high 
quality which cannot be 
placed in Class lA 
because of the high 
proportion of high 
quality effluent present 
or because of the effect 
of physical factors such 
as canalisation, low 
I gradients or 
I eutro hication 
(i) Average BOO probably 
not greater than 5 mg/1 
(ii) Similar to Class 2 
of RPS 
(iii) Water not showing 
physical signs of 
pollution other than 
humic colouration and a 
little foaming below 
weirs 
I CURRENT POTENTIAL 
I USES 
(i) Water of high 
quality suitable 
for potable 
supply 
abstractions and 
for all other 
abstractions 
(ii) Game or 
I other high class 
I fisheries 
I (iii) High 
I amenity value 
I 
I 
I 
I 
I 
Water of less 
high quality than 
Class lA but 
usable for 
substantially the 
same purposes 
(i) Water 
suitable for 
potable supply 
after advanced 
treatment 
(ii) Supporting 
reasonably good 
coarse fisheries 
(iii) Moderate 
amenity value 
I, 
I, 
I 
11 
11 
11 
11 
I 
I 
I 
I 
I 
• ,, 
RIVER 
CLASS 
3. Poor 
Quality 
I 4. Bad 
Quality 
NOTES: 
QUALITY CRITERIA 
(i) DO greater than 10% 
saturation 
(ii) Not likely to be 
anaerobic 
(iii) BOD not greater 
than 17 mg/1 
This may not apply if 
there is a high degree 
of re-aeration 
REMARKS CURRENT POTENTIAL 
USES 
Waters which are 
polluted to an 
extent that fish 
are absent or 
only sporadically 
present. Many 
used for low 
grade industrial 
abstraction 
purposes. 
Considerable 
potential for 
further use if 
cleaned uo 
I Water which are I I Waters which are I 
I inferior to Class 3 in I I grossly polluted 
I terms of dissolved I I and are likely to 
I oxygen and likely to be I I cause nuisance 
I anaerobic at times I I 
(a) Under extreme weather conditions (eg flood, drought, freeze-up), or 
'when dominated by plant growth, or by aquatic plant decay, rivers 
usually in Class 1, 2 and 3 may have BOOs and dissolved oxygen 
levels, or ammonia content outside the stated levels for those 
Classes. When this occurs the cause should be stated along with 
analytical results. 
(b) The BOD determinations refer to 5 day carbonaceous BOD (ATU). 
(c) 
Ammonia figures are expressed as NH4. 
In most instances the chemical classification given above will be 
suitable. However, the basis of the classification is restricted 
a finite number of chemical determinands and there may be a few 
cases where the presence of a chemical substance other than those 
used in the classification markedly reduces the quality of the 
water. In such cases, the quality classification of the water 
should be down-graded on the basis of biota actually present, and 
the reasons stated. 
I 
I 
tol 
I 
I 
I 
I 
I 
I 
I 
(d) EIFAC (European Inland Fisheries Advisory Commission) limits should I 
be expressed as 95 percentile limits. I 
*EEC category A2 and A3 requirements 
Directive of 16 June 1975 concerning 
Abstraction of Drinking Water in the 
are those specified in 
the Quality of Surface 
Member State. 
the EEC Counci 1 
I 
I 
Water in tended for I 
I 
I 
I 0 I a... 
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3.5.1 LONG TERM NITRATE CONCENTRATION TRENDS 
The major problem for investigations of long term trends of dissolved 
constituents in river water is the lack of reliable data (Edwards, 
1975). Prior to the establishment of the regional water authorities in 
1974 responsibility for monitoring lay with the local river authorities 
or water companies. Many data records were often scattered and of very 
variable quality and quantity (Thornes, 1984). Samples were often 
collected at irregular intervals and analysed for a range of 
determinands using different analytical methods. In addition 
there were changes in analytical procedures with the development of 
automated methods of analysis. Prior to October 1976 Severn Trent 
Water Authority (STWA) and its predecessors measured nitrogen levels as 
nitrate (NOJN) whilst from October 1976 results were reported as total 
oxidised nitrogen (TON). Consequently as nitrate data collected prior 
to October 1976 do not include the nitrite (NOzN) fraction, these 
results would underestimate to varying degrees the TON levels depending 
upon the ~ime period, the site and the river being investigated. 
Within this paper concentration data collected prior to and including 
1976 are presented as N03N, whilst data collected post 1976 are 
presented as TON. 
As NOzN concentrations were available for a number of years prior to 
1976 at all sites investigated it was possible also to calculate TON 
levels and estimate the influence of including NOzN values on the rate 
of increase in concentration over the period of record. 
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N02N and N03N concentration data prior to 1975 were available in two 
formats. The first was as individual point concentration data on 
microfiche, with some annual averages calculated using the January to 
December time period; the second as annual and triennial averages in 
STWA annual reports. These annual averages were calculated using April 
to March as the time period. Reports from 1953 up to and including 
1964 included mean annual N02N and N03N concentrations, whilst reports 
between 1965 and 1974 inclusive did not include N02N• Consequently 
where data were available N02N mean annual concentrations were 
calculated using microfiche data. 
Point N03N concentration data were available from 1975 to October 1976 
on the STWA computer archive, whilst from October 1976 archive data 
were presented at TON. Mean annual concentrations were calculated on a 
calendar basis. Within this study all mean annual N03N concentrations 
before 1975 were recalculated using a January-December time period from 
the original microfiche data. This meant that data were comparable 
with computer archive TON annual concentration data which were also 
calculated over a calendar year. 
Walling and Webb (1986) state that infrequent samples are unlikely to 
provide a meaningful representation of patterns of long term temporal 
variations in solute concentration and load, and that estimates of such 
simple statistics as mean annual concentration based upon a small 
number of samples may involve significant errors. They have also 
indicated that in order to obtain a true estimate of the mean annual 
concentration within + 10% at the 95% confidence level a sampling 
frequency of two days would be required for nitrate. Examination of 
Table 3.8 shows none of the eight sampling sites selected within the 
Trent basin fulfills this criterion. 
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TABLE 3.8: Data gualit~ and guantit~ for total oxidised nitrogen/nitrate -
nitro&en 
I I LENGTH OF I ANNUAL MINIMUM I ANNUAL MAXIMUM I 
I RIVER AND SITE RECORD I RECORD I NUMBER OF DATA I NUMBER OF DATA I 
I I (YEARS) I POINTS I POINTS I 
I R Tame 1952-86 35 25 67 
I Chetwynd Bridge 
I 
I R Dove 1953-86 34 17 60 
I Monk 1 s Bridge 
I 
I R Derwent I 1953-86 34 7 28 
I St Mary 1 s Bridge I 
I I 
I R Derwent 1954-86 33 16 60 
I Church Wi lne 
I 
I R Soar 1952-86 33 13 79 
I Red Hill Lock 
I 
I R Trent 1952-86 35 17 62 
I Yoxall 
I 
I R Trent 1952-86 35 12 32 
I Walton 
I 
I R Trent 1950-86 37 23 107 
I Nottingham 
I 
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3.5.2 LONG TERM NITRATE LOAD TRENDS 
Because of a highly variable sampling frequency between years and the 
irregular sampling within years, solute load calculations may 
involve significant errors. Variations between different methods 
of load calculation may also produce differing results. Two basic 
approaches may be distinguished when estimating annual solute loads 
from instantaneous concentration values; interpolation and 
extrapolation techniques. Because solute concentrations vary over a 
relatively small range, such procedures do not introduce large errors 
(Walling 1984). Interpolation procedures involve the assumption that 
the concentration or load involved with an instantaneous sample is 
representative of the time period between samples. Load estimation 
techniques involving extrapolation of the available data base make use 
of rating relationships. 
Solute load is most readily estimated as the product of mean annual 
concentration and mean annual discharge (Ongley, 1977; and Meybeck, 
1976), but this method in most cases will overestimate loads (Walling, 
1984). STWA usually assess nitrate loads as the product of individual 
daily flow and point concentration, (D Brewin pers, comm, 1987). 
Initial examination of STWA nitrate data for Nottingham revealed that 
the sampling intervals were irregular and the number of data points 
varied between 23 and 107 per annum (Table 3.8). Additionally 
examination of a series of nitrate discharge rating relationships 
(Figure 3.21) for Nottingham, selected to avoid the drought period of 
1976, reveals that nitrate concentration decreases only slightly with 
increasing discharge; the slope of the rating relationship varying 
between -0.09 and -0.14. 
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Figure 3.21 Nitrate (NOJN/TON) discharge rating relationships for the 
River Trent at Trent Bridge, Nottingham; 1960, 1970, 1980 and 1986. 
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In this study three methods have been used to calculate nitrate loads 
at Nottingham. First, a discharge weighted mean interval procedure was 
adopted (Equation 1). Secondly, loads were calculated as the product 
of mean annual flow and the mean annual concentration (Equation 2) and 
thirdly, as the product of individual flows multiplied by individual 
concentrations, summed and proportioned for the year (Equation 3). 
(1) Discharge weighted mean interval procedure: 
(3) L3 
K = conversion factor 
= individual sample concentrations at beginning and end 
of interval respectively (mgl -1) 
Cx = individual sample concentration (mgl -1) 
CA= mean annual concentration (mgl -1) 
Qt total discharge for interval 
QA =mean annual discharge (m3s-l) 
QM =mean daily discharge (m3s-1) 
L1 3 = annual loading (t yr -1) 
,2, 
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3.6 PHYSICOCHEMICAL METHODS OF ANALYSIS AND DETERMINATION 
3.6.1 LABORATORY ANALYTICAL METHODS. 
Ammoniacal nitrogen (NH4N), total oxidised nitrogen (TON), 
orthophosphate (P04P), chloride, sulphate and calcium were analysed 
using a Chemlab Mk II autoanalyser system (Figure 3.22). Such 
autoanalysers work on a continuous calorimetric process. Different 
reagents, depending on the chemistry being investigated, are fed into 
the system through tubes by a proportioning (peristaltic) pump (Figure 
3.23 a) and are mixed with the sample solutions (Figure 3.23 b) using a 
system of glass coils (Figure 3.24 a) until the 'optimum conditions' 
are achieved. The coloured solution thus produced is passed through a 
colorimeter (Figure 3.24 b) where its colour intensity is measured and 
transmitted to a chart recorder. The readings on the chart recorder 
are converted to concentrations in mgl-1 by a data analyser (Figure 
3.25). Operating details of the Chemlab autoanalyser are included in 
Appendix 1. The details of individual chemistries used may be 
obtained from Chemlab Instruments, Upminster Rd, Hornchurch, Essex. 
3.6.2 PORTABLE FIELD MONITORING EQUIPMENT 
Dissolved oxygen (as percentage saturation), temperature, pH and 
conductivity were monitored manually in the field using a 4 channel 
"pHOX" 100 DPM multiparameter water quality monitor (Figure 3.26). 
The DPM is described by the manufacturer as "a truly portable and 
weatherproof piece of equipment". In spite of this intermittent 
failure of one or more of the channels occurred during "normal" usage 
as a result of relatively simple design faults. The instrument was 
regularly calibrated and maintained in accordance with guidelines set 
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Figure 3 . 22 The Chemlab continuous flow autoanalyser apparatus. 
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Figure 3. 23 (a) The peristaltic pump and (b) sampling turntable . 
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Figure 3.24 (a) Solute cartridges and (b) the colorimeter module . 
111 
. 
I • I • I • .. . 
I 0 A 
V 
" 
0 ,. 
I 
' .. I \ 
><. .... 
N M 
I I \ 
Figure 3.25 Data analyser . 
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OXYGEN 
0 
CONDu::TIVtTY 
0 
0 
J 
A Power Switch 
0 
L 
0 
0 
B Manual channel selector switch 
C Calibration node switch 
D (Duplicates A) 
M 
E Automatic channel selector switch 
F (Duplicates E) 
G Power supply 
H Connection for sensor assembly 
I Connection to data logger (not used) 
J LCD display 
K Bulb 
L Retaining screws for waterproof cover 
Figure 3.26 The phox DPM 100 multiparameter water quality monitor. 
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out in the pHOX preliminary users handbook (1985), The scale ranges 
and accuracy of the instrument are shown in Table 3.9. 
Table 3.9 Accuracy and scale ranges of pHOX DPM lOO water quality 
monitor 
Sensor 
I Temperature 
I 
I pH 
I 
I 
I Conductivity 
I 
I 
I Dissolved oxygen 
I 
Scale Range 
I o - so oc 
I 
I 2 - 12 
I 
I o-200 
I o-2ooo 
f-Scm -1 25oc 
I o-2oooo 
I 
I o - 200 % 
I 
114 
11 
11 
I Accuracy ( + 1% of full 
I 
I scale deflection) 
I o. 5 oc 
I 
I 0.12 
I 
I 2 f'Scm-1 25°c 
I 20 11 
I 200 
I 
I 2% 
I 
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CHAPTER 4 
RESULTS (1) 
PILOT INVESTIGATIONS OF: 
(A) THE INFLUENCE OF INCHANNEL DEAD ZONES ON WATER QUALITY VARIATIONS 
DURING UNSTEADY FLOW. 
(B) LATERAL SOLUTE VARIATIONS IN RIVER CHANNELS. 
(C) BACKWATER HYDROCHEMICAL DYNAMICS. 
(D) LONG TERM NITRATE CONCENTRATION AND LOAD TRENDS WITHIN THE RIVER 
TRENT BASIN. 
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PILOT INVESTIGATIONS 
A series of pilot investigations have been used to identify the 
influence of 11 in-channeltt dead zones, mixing processes and minor "off 
channel" backwaters (which are effectively large dead zones) on water 
quality variations in rivers. These preliminary studies formed the 
foundations for the larger scale investigation of backwater 
hydrochemistry in the R Trent basin. Finally in view of the effluent 
impacted nature of the Trent catchment and the ecological significance 
of backwater areas long term nitrate trends were examined. 
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4.1 THE INFLUENCE OF INCHANNEL DEAD ZONES ON WATER QUALITY 
FLUCTUATIONS DURING UNSTEADY FLOW; (Downstream water quality variations 
during reservoir releases to the Afon Tryweryn, Wales) 
The results of studies utilising controlled reservoir releases from 
Llyn Celyn, N Wales to the Afon Tryweryn are presented to illustrate 
the influence of "inchannel" or dead zone solute source "depletion" and 
"replenishment" on water quality variations during unsteady flow 
conditions. Furthermore results of an additional controlled release 
have been used to determine whether turbulent mixing was sufficient to 
produce a homogenous distribution of solute concentration in a river 
cross section under unsteady flow conditions. 
Figures 4.1 - 4.8 illustrate the observed variations in total oxidised 
nitrogen, calcium and conductivity associated with the passage of the 
reservoir release wave. Water chemistry changed simultaneously with 
the start of stage rise at all sites during both the April and May 
releases. 
Tables 4.1 (a) and (b) show chemograph lag times measured firstly as the 
time between the attainment of peak stage and secondly as defined by 
Glover and Johnson (1974) as the difference in time of points at which 
50% of the total change in discharge and concentration occur. Stage 
was used as a surrogate for discharge in this second set of 
measurements. 
Although when contrasted the two methods of measurement of lag times 
display considerable discrepancies, they both showed that lag times 
increase downstream for both releases. Between release comparison of 
lag times at sites 3 and 5 (using either method of lag time 
measurement) indicates that longer lag times were recorded at both 
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Figure 4.1 Variations in water quality parameters observed during a 
reservoir release to the Afon Tryweryn at site 1 (0.3 Km downstream of 
Llyn Celyn) on 1 April 1985. 
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Figure 4.6 Variations in water quality parameters observed during a 
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Figure 4.7 Variations in water quality parameters observed during a 
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Llyn Celyn) on 11 May 1985. 
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Figure 4.8 Variations in water quality parameters observed during a 
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Tables 4.1 (A) AND (B)j Lag times between attainment of peak stage and 
minimum concentration for releases on; (A) 1 April 1985 and; (B) 11 May 
1985. Lag times calculated by method of Glover and Johnson (1974) in 
brackets. 
I I Lag time (Minutes) 
(A) I Distance I 
I downstream /Total Oxidised I Calcium I Conductivity /Temperature 
I of dam (Km) I Nitrogen I I I 
I I I I I 
I Site 1 0 (-6) 0 (-6) 0 (-7) 
I (0.3) 
I 
I Site 2 19 (11) I 19 (14) I 21 (14) 
I (3. o > I I 
I I I 
I Site 3 28 (9) I 24 06) I 24 (9) 24 (23) 
I (4.0) I I 
I I I 
I Site 4 44 (24) I 52 (23) I 44 (23) 
I (5.8) I I 
I I I 
I Site 5 56 (29) I 60 (44) I 68 (44) 55 (49) 
I (7. 5 > I I 
I I I 
I Lag time (Minutes) 
(B) I Distance I 
I downstream I Total Oxidised I Calcium I Conductivity I Temperature 
I of dam (Km) I Nitrogen I I I 
I I I I I 
I Site 1 0 (*) 0 (*) 0 (*) 
I (0,3) 
I 
I Site 3 11 (*) I 13 Oo> I 15 (9) 6 (*) 
I (4.o) I I 
I I I 
I Site 5 32 (27) I 37 (31) I 34 (36) I 21 (0) 
I (7. 5 > I I I 
I I I I 
(*) Variation too small for reliable estimation by Glover and Johnson 
(1974) method. 
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sites during the April release. Using the former method of lag time 
calculation the mean lag time for the 3 chemical determinands in Table 
4.1 (a) was 11 minutes longer at site 3 on 1 April than on 11 May (ie 
approximately double). Whilst similarly the recorded lag times were of 
greater duration at site 5 on the 1 April than the 11 May. The mean 
lag time of the 3 chemical parameters being 27 minutes greater at site 
5 on 1 April than 11 May. 
Examination of Table 4.2 (a) shows April pre-release calcium loads 
increased only slightly between sites 1 and 2; however, a more marked 
increase occurred at site 3. Concentrations of up to 6.7 mgl-1 calcium 
were recorded in the Afon Mynach and Nant Aberleiddyn tributaries 
between these sites prior to both releases. A more modest increase 
pre-release calcium load occurred between sites 3 and 4. Similar 
pre-release calcium loads were recorded at sites 4 and 5. Post-release 
calcium loads increased marginally between sites 1 and 2 on 1 April. 
However, downstream of the two tributaries on this date significantly 
elevated post-release calcium loads were documented. Post-release 
calcium loadings scarcely increased downstream of site 3. 
In distinct contrast calcium loadings barely increased under pre and 
post release conditions during the May release between sites 1 and 5 
(Table 4.2 b). 
The results of the lateral mixing survey showed that although at a 
point in time, absolute solute concentrations varied across the 
channel, during wave passage the relative rates of change and the 
magnitude of change were similar at all points (Figure 4.9). 
127 
PT2AAG 
Tables 4.2 (A) and (B): Pre and post-release calcium concentrations 
(mgl -1) and loads (Kg min-1) for releases on; (A) 1 April 1985 and; 
(B) 11 May 1985 
I 
I 
(A) I 1 April 
I 
I 
I Site 1 
I 
I Site 2 
I 
I Site 3 
I 
I Site 4 
I 
I Site 
I 
I 
I 
5 
(B) I 11 May 
I 
I 
I 
I Site 1 
I 
I Site 5 
I 
Pre-release I Post-release I 
I I 
Concentration I Load I Concentration I I 
(mgl -1) I (Kg min-1) I (mgl -1) I (Kg min -1 > I 
I I I I 
I I 
4.3 I 0.09 1.8 1.16 I 
I I 
5.0 0.21 2.1 1.4 
6.1 0.5 3.2 2.27 
7.1 0.65 3.4 2.44 
6.3 0.63 3.3 2.39 
Pre-release Post-release 
Concentration 
(mgl -1) 
2.4 
3.7 
I Load I Concentration I I 
I (Kg min-1) I (mgl -1) I (Kg min -1) I 
I I I I 
I I I I 
I 0.13 I 1.8 I 1.24 I 
I I I I 
0.20 2.1 1.47 
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Figure 4.9 Lateral variations in water quality recorded during a 
reservoir release to the Afon Tryweryn at site 5 (7.5 Km downstream of 
Llyn Celyn) during November 1985. 
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4.2 LATERAL SOLUTE VARIATIONS IN RIVER CHANNELS 
The examination of water quality variations downstream of a river 
channel confluence and cross sectional quality variations in pools and 
riffles have allowed the effects of mixing processes on cross-sectional 
solute distributions to be determined. The results of these studies 
are presented herein. 
4.2.1 CROSS SECTIONAL VARIABILITY WITHIN THE RIVER DERWENT 
Analysis of total oxidised nitrogen, orthophosphate calcium and 
chloride data revealed homogenous pool and riffle cross-sectional 
solute distributions on the River Derwent. Differences in nutrient 
concentrations between the mainstream and in the shallow bankside zone 
of macrophytic vegetation were found. Levels of total oxidised 
nitrogen decreased from between 1.8 and 1.85 mgl-1 within the 
mainstream to 1.4 mgl-1 within the vegetation during July and August 
1985. Orthophosphate concentrations decreased from between 0.2 and 
0.23 mgl-1 in the mainstream to less than 0.1 mgl-1 within bankside 
vegetation during the same period. 
4.2.2 MIXING DOWNSTREAM OF THE RIVER DERWENT/RIVER AMBER CONFLUENCE 
The results from the preliminary investigation undertaken in October 
1985 indicated that lateral variations' in stream quality were still 
apparent 300m downstream of the confluence and that ~ixing was not 
complete at this point (Table 4.3). Only beyond 200m downstream of the 
confluence were the thermal and chemical characteristics on the right 
bank apparently influenced by transverse mixing. 
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Table 4.3: Conductivity and temperature variations downstream of R 
Amber/R Derwent confluence on 17 October 1985 
Position within channel I 
I 
Left Middle Right Left I Middle Right I 
Bank Bank Bank I Bank I 
I I 
I Section/distance I Conductivity Temperature (Oc) 
I below confluence I ( pscm-1 25oc) 
I I 
I River Derwent 531 540 534 10.1 I 10.7 10.1 I 
I I I 
I River Amber 3130 3130 3130 14.9 I 14.9 14.9 I 
I I I 
I I 
I 10m 2900 2450 530 14.5 I 12.7 10.1 I 
I I I 
I 
I 50m 1015 890 530 11.8 I 11.5 
I I 
I lOOm 1025 750 530 11.5 I 11.0 
I I 
I 200m 990 700 535 11.0 
I 
I 300m 990 650 570 11.4 I 11.0 ro.8 I 
I I I 
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Examination of Figures 4.10 - 4.12 showing data for the survey 
undertaken in June 1986 indicate that although thermal and chemical 
gradients were appreciably reduced within 250m of the confluence, that 
transvere mixing was not complete. Conductivity levels 750m downstream 
of the confluence during this survey showed a variation of 40 J'Cm-1 
25oc across the channel (Figure 4.10). Cross-sectional variations of 
temperature and pH were negligible at this section (Figures 4.11 and 
4.12). At 1500m downstream of the confluence cross-sectional 
conductivity variations of less than 20~S cm-1 25oc were recorded 
(Figure 4.10). 
Examination of Figures 4.13 - 4.16 shows the decay of chemical and 
thermal gradients were again apparent within 250m of the tributaries 
during the September 1986 mixing survey. Cross-sectional variations in 
conductivity of less than 20~!cm-l 25°C indicate that complete mixing 
may have occurred at 750m downstream of the confluence. At a 
variation. At a section chloride and sulphate variability was 
approximately 6% (less than 5 mgl-1 for both determinands) at 750m 
(Figures 4.15 and 4.16). 
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Figure 4.10 Lateral conductivity variations recorded upstream and 
downstream of the River Derwent/River Amber confluence during a mixing 
survey in June 1986. 
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Figure 4.13 Lateral conductivity variations recorded upstream and 
downstream of the River Derwent/River Amber confluence during a mixing 
survey in September 1986. 
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Figure 4.14 Lateral temperature variations recorded upstream and 
downstream of the River Derwent/River Amber confluence during a mixing 
survey in September 1986. 
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Figure 4.15 Lateral chloride variations recorded upstream and 
downstream of the River Derwent/River Amber confluence during a mixing 
survey in September 1986. 
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Figure 4.16 Lateral sulphate variations recorded upstream and 
downstream of the River Derwent/River Amber confluence during a mixing 
survey in September 1986. 
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4.3 PRELIMINARY INVESTIGATIONS OF RIVER SOAR BACKWATER HYDROCHEMICAL 
DYNAMICS 
The results of pilot investigations examining hydrochemical variations 
between three minor backwaters and the mainstream are presented. The 
studies show whether physicochemical differences were detected between 
the thalweg (mainstream) and the dead zone component (backwaters). 
From these pilot studies the larger scale investigation of the 
influence of mainstream flow and water quality variations on the 
hydrochemistry of backwater areas within the R Trent basin was 
developed; the results of which are presented in Chapter 5. 
Figure 4.17 contrasts the variations of four quality parameters between 
the mainstream at Barrow and backwaters (a) and (b). Backwater 
concentrations show a similar pattern to the mainstream for all 
determinands although differences were discernable. However, no 
statistically significant differences were found when a Mann Whitney 
test was used to compare mainstream and backwater concentrations over 
the study period. Differences though were more marked between the 
mainflow and the abandoned channel site (backwater (b)) which 
temporarily dried out during June and July. Reduced orthophosphate 
levels were apparent particularly in August and September in backwater 
(b), whilst elevated calcium concentrations compared to the mainstream 
were apparent in late April and July. Chloride concentrations were 
higher in both backwaters (a) and (b) between late July and September, 
a period associated with stable low flows. 
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Figure 4.17 Variations in solute concentrations in the mainstream and 
two minor backwaters (a and b) at Barrow Upon Soar. (D=Dry) 
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Distinct seasonal contrasts in mainstream/backwater concentration 
relationships for total oxidised nitrogen, orthophosphate and chloride 
at site (c) were apparent (Figures 4.18 - 4.20). However, little 
seasonal difference was apparent in calcium concentrations (Figure 
4.21). 
Levels of orthophosphate and total oxidised nitrogen showed a gradual 
fall from the mainstream into the 320m long artificial channel during 
the spring period (April to mid June) which was associated with 
variable flow conditions. Chloride levels also declined slightly with 
increasing distance into the channel during this period. 
In contrast during the 'summer period (mid June - September) marked 
concentration differences occurred in nutrient and chloride 
concentrations between the mainflow (with greater concentrations) and 
the backwater (with lower concentrations). The levels of these 
determinands declined sharply within 40m from the mainflow into the 
backwater during this period, which was associated with relatively 
stable low flows. 
Patterns of chloride and nutrient levels during the Autumn period 
(September/October) were variable. The relatively sharp decline in 
concentrations recorded in late September, reminiscent of the 'summer 
period' were displaced by a more gradual fall in levels during early 
October. This period coincided with increased discharge variability. 
Marked flow fluctuations characterised the winter (January/February) 
period and sampling undertaken during flood flow conditions showed 
concentrations in backwater (c) were similar for all determinands to 
those in the mainstream on at least one of the two sampling occasions. 
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Figure 4.18 Seasonal variations in total oxidised nitrogen 
concentrations in the mainstream and backwater (c) at Barrow Upon Soar. 
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Figure 4.19 Seasonal variations in orthophosphate concentrations in 
the mainstream and backwater (c) at Barrow Upon Soar. 
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Figure 4.20 Seasonal variations in chloride concentrations in the 
mainstream and backwater (c) at Barrow Upon Soar. 
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Figure 4.21 Seasonal variations in calcium concentrations in the 
mainstream and backwater (c) at Barrow Upon Soar. 
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4.4 LONG TERM NITRATE CONCENTRATION AND LOAD TRENDS WITHIN THE RIVER 
TRENT BASIN 
In view of marked increases in nitrate concentrations in central and 
southern English rivers in the last thirty years and the potential 
impact of eutrophication (eg Lund, 1980) on freshwater systems (ie 
backwaters) long term nitrate concentration and load data for the Trent 
basin are presented. 
Long term N03N/TON concentration trends for eight sites within the 
Trent basin are presented in Figures 4.22 a-h. Table 4.4 shows 
estimates of the rate of increase of NOJN/TON levels at the eight sites 
calculated by dividing the average of the difference for the five year 
period 1982-86 and the first five year period of record by the time 
interval. This facilitates direct comparison with the figures 
estimated in the Nitrate Coordination Group Report (1986). The 
inclusion of nitrite data in the calculations had little effect on the 
values although failure to include nitrite causes an overestimate of 
the increase in nitrate levels, (Table 4.4). Nitrite levels recorded 
prior to 1975 were greatest in the River Tame, River Soar and River 
Trent. Failure to include nitrite in trend calculations for these 
rivers resulted in an overestimation of the rate of increase of nitrate 
by up to 0.02 mgl-1 N yr-1. In the River Dove and River Derwent at St 
Mary's Bridge, the low nitrite levels had an insignificant effect on 
the trends. 
Maximum mean annual nitrate concentrations on the rural R Dove and R 
Derwent did not rise above 5.0 mgl-1 (Figures 4.22 a, b and c). In 
contrast higher maximum mean annual concentrations in excess of 10.0 
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Figure 4.22 Long term nitrate concentration trends for: (a) St Mary's 
Bridge, River Derwent; (b) Monk's Bridge, River Dove; (c) Church Wilne, 
River Derwent; (d) Yoxall, River Trent; (e) Chetwynd Bridge, River 
Tame; (f) Walton, River Trent; (g) Red Hill Lock, River Soar; (h) 
Nottingham, River Trent. 
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Table 4.4: Estimates of lon& term trends in nitrates 
I I MEAN FOR I MEAN FOR I RATE OF I RATE OF I I RIVER AND SITE I FIRST FIVE I 1982-86 I INCREASE I INCREASE I 
I I YEAR PERIOD I PERIOD OF I OF NITRATE I OF NITRATE I 
I I OF RECORD I RECORD I (EXCLUDING I INCLUDING I 
I I (mgl-1 N) I (mgl-1 N) I N02N) I N02N) I 
I I I I (mgl-lN yr-1) I (mgl -1 N yr-1) I 
I I I I I I 
I R Tame 
I Chetwynd Bridge 4.62 11.36 0.22 0.20 
I 
I R Dove 
I Monk 1 s Bridge 1.95 4.03 0.07 0.07 
I 
I R Derwent I 
I St Mary 1 s Bridge I 1.9 3.5 0.05 0.05 
I I 
I R Derwent 
I Wilne 2.22 4.24 0.07 0.06 
I 
I R Soar 
I Red Hill Lock 5.8 11.44 0.18 0.17 
I 
I R Trent 
I Yoxall 4.76 8.23 0.11 0.09 
I 
I R Trent 
I Walton 4.7 9.92 0.17 0.15 
I 
I R Trent 
I Nottingham 4.44 8.25 0.12 0.10 
I 
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mgl-1 were found on the urbanised R Soar and R Tame (Figures 4.22 e and 
g). At Nottingham on the R Trent, aggregation effects resulted in mean 
annual concentrations exceeding 10.0 mgl-1 only once, (Figure 4.22 h). 
The rate of increase in nitrate concentration was greater in the 
urbanised R Soar and R Tame than in the rural R Derwent and R Dove, 
(Table 4.4). Data for the rural catchments shows a continuous, 
gradual rise over the period of record (Figures 4.22 a, b and c). 
Prior to the mid 1960's nitrate levels were relatively constant in the 
R Tame and were increasing marginally in the R Soar. In the mid to 
late 1960's nitrate levels rose rapidly, this rise being particularly 
pronounced on the R Tame (Figure 4.22 e). A slight decline and 
subsequent levelling off of concentrations is apparent after the peak 
concentrations associated with the 1976 drought. Post 1982 data for 
both the R Tame and R Soar appears to show a continued increase in 
concentrations (Figures 4.22 e and g). 
Mainstream R Trent nitrate concentrations at Walton and Nottingham 
reflect aggregation and transmission processes occuring within the 
catchment. The rate of increase at Walton is intermediate between that 
on the R Tame at Chetwynd Bridge and on the R Trent at Yoxall (Table 
4.4). At Nottingham the rate of increase in concentration is 
intermediate between those of the major rural and urban tributaries, 
(Table 4.4). Examination of the rates of nitrate increase from the 
slope component of the regression equations ,in Figure 4.22 g and e 
shows the rates for the R Soar and R Tame (0.23 and 0.29 mgl-1 N yr _1 
respectively) were higher than those in Table 4.4. The rates of 
increase in Table 4.4 were not influenced by the unusual observations 
caused by the 1975-76 drought, whereas the regressions are weighted by 
these data. 
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Figure 4.23 shows that the mean interval method calculation procedure 
produces annual nitrate loading results for Nottingham which are 
remarkably similar to those produced by simply multiplying mean annual 
discharge by mean annual nitrate concentration. Loads are shown to 
have doubled in the twenty five years since 1960. A minimum nitrate 
load of just over 10,700 t yr-1 (14.2 kg ha-1) was recorded in 1959, 
whilst a maximum load of almost 29,800 t yr-1 (39.8 kg ha-1) was 
recorded in 1977. Figure 4.23 shows that the calculation of nitrate 
load as the product of mean annual concentration multiplied by mean 
annual discharge varies only slightly from that derived from the mean 
interval method. Differences between these two load estimation 
techniques were greatest in the 1980's when the number of samples 
collected was lower than during the previous period. However, 
given an adequate data base, in lowland rivers where nitrate 
concentration varies little with discharge, the product of mean annual 
concentration and mean annual discharge may provide a reasonable 
estimate of nitrate load. 
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Figure 4.23 Nitrate loads calculated using: (a) product of mean 
annual discharge and mean annual concentration and; (b) discharge 
weighted mean interval method, for Trent Bridge, Nottingham, River 
Trent. 
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CHAPTER 5 
RESULTS (2) 
THE INFLUENCE OF MAINSTREAM FLOW AND QUALITY VARIATIONS ON THE 
HYDROCHEMICAL DYNAMICS OF BACKWATER AREAS WITHIN THE RIVER TRENT 
BASIN 
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INTRODUCTION 
Physicochemical data are presented to show the influence of 
mainstream flow and water quality variations on the hydrochemistry 
of seven backwater areas within the River Trent basin. The results 
are presented within the framework of the hydrologically based 
typology developed by Roux (1982) (Figure 2.3) which divided 
floodplain environments into four broad categories according to 
their degree of hydrological connectivity with the mainstream. The 
hydrochemical behaviour of the backwaters is considered in 
sequence from running water systems (eupotamon) through to systems 
with no permanent contact to the mainflow and only mildly 
influenced by river discharge (palaeopotamon). In addition results 
of the Mann Whitney test have been used to determine whether 
statistically significant differences in hydrochemistry occurred 
between the mainstream and backwaters over the study period between 
May and October 1986. 
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5.1 RUNNING WATER SYSTEMS (EUPTAMON) 
5.1.1 BORROWASH BACKWATER, RIVER DERWENT 
Examples of the hydrochemical variations between the mainstream and 
the flood relief channel backwater are illustrated in Figures 5.1 -
5.4. All determinands examined showed no statistically significant 
difference in concentration between upstream and beyond 200m 
downstream of the weir (Table 5.1). Examination of total oxidised 
nitrogen data (Figures 5.1 and 5.2) indicates that prior to sampling 
of the 16th of September the chemistry of the backwater was similar 
to that in the main river upstream of the weir. On the 16th and 30th 
of September and 14th of October when the weir was no longer 
overtopping, total oxidised nitrogen levels at the upstream end of 
the backwater were similar to those found in the urban runoff. 
Although during this period total oxidised nitrogen levels did 
decrease towards mainstream levels at the downstream end of the 
backwater channel. Increased discharges towards the end of October 
resulted in renewed flow over the weir (discharges of>~ 7.0m3s-l 
resulted in weir overspill). Consequently on the 28th of October 
total oxidised nitrogen concentrations beyond 200m downstream in the 
backwater resembled those in the mainstream (Figure 5.2). 
Examination of ammoniacal nitrogen data between August and October 
1986 revealed similar characteristics to those displayed by total 
oxidised nitrogen for the same period. Prior to the 16th of 
September and after the 14th October backwater concentrations were 
similar to those upstream of the weir. Whilst between these dates 
backwater ammoniacal nitrogen levels resembled those of the urban 
runoff (Figure 5.4). 
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Figure 5.1 Total oxidised nitrogen variations upstream and downstream 
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Table 5.1. Results of Mann Whitney Test for Borrowash 
backwater for period when weir was overtopping. 
I Upstream of weir NH4N TON 
I compared to 
P04P Cl ea 
I 
I lOOm downstream 
* * I 
I 200m downstream 
I 
I 300m downstream 
I 
I 400m downstream 
I 
I 5oOm downstream 
I 
* = significant difference at 5% level (o<= 0.05) 
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5.1.2 COSSINGTON BACKWATER, RIVER SOAR 
Table 5.2 shows there was no statistically significant difference in 
total oxidised nitrogen, ammoniacal nitrogen and orthophosphate 
levels between the mainstream and this eupotamic backwater. 
However significant differences in calcium and chloride levels were 
recorded between the mainstream and the secondary channel. 
Examples of the hydrochemical variations between the mainstream and 
backwater are shown in Figures 5.5 - 5.8. They show that total 
oxidised nitrogen and chloride concentrations in the mainflow were 
similar to those recorded at the upstream end of the backwater. 
Although a decrease in the levels of both determinands was apparent 
with increasing distance into the backwater. The secondary channel 
was subject to intermittent effluent inputs of unknown origin and 
urban runoff (Figure 3.19(a)). Particularly marked peaks in 
chloride concentration on the 11th of June and 19th of August were 
associated with point source, effluent inputs approximately 40m 
from the upstream end of the backwater (Figures 5.7 and 5.8). 
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Table 5.2. Results of Mann Whitney tests for Cossington backwater 
NH4N TON P04P Cl ea 
I Mf/50m 
I 
I Mf/150m 
* I 
I Mf/300m 
* * I 
* = Significant difference at 5% level ( o<= 0.05). 
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Figure 5.5 Total oxidised nitrogen levels in the mainstream and 
backwater at Cossington on the River Soar between 27 5 86 and 5 8 88. 
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28 10 86. 
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5.2 SYSTEMS CONNECTED AT DOWNSTREAM END TO RIVER (PARAPOTAMON) 
5.2.1 BEESTON BACKWATER, RIVER TRENT. 
The hydrochemical variations recorded between the mainstream and 
backwater on individual sampling dates are shown in Figures 5.9 -
5.11. 
Variations between the mainflow and backwater concentrations of 
chloride, orthophosphate, sulphate and calcium were slight. Some 
differences were discernable though between the mainstream and 
backwater, particularly for total oxidised nitrogen, which showed a 
slight decrease into the backwater (Figures 5.~). However, Table 5.3 
shows no statistically significant difference was recorded in the 
levels of the six determinands between the mainstream and at three 
points within the side channel over the study period. 
Moreover the similarity of main river and backwater quality is 
illustrated in Figures 5.12 - 5.17. 
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Figure 5.9 Ammoniacal nitrogen and total oxidised nitrogen levels in 
the mainstream and backwater at Beeston on the River Trent. 
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Figure 5,10 Chloride and orthophosphate levels in the mainstream and 
backwater at Beeston on the River Trent. 
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backwater at Beeston on the River Trent. 
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Table 5.3 Results of Mann-Whitney test for Beeston backwater 
NH4N TON P04P Cl ea so4 
I Mf/20m 
I 
I Mf/90m 
I 
I Mf/190m 
I 
* Significant difference at 5% level (o<= 0.05) 
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backwater on the River Trent. 
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Figure 5.15 Discharge fluctuations and variations in chloride 
concentrations in the mainstream and at three distances into Beeston 
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Figures 5,18 and 5.19 compare the dissolved oxygen, temperature, 
conductivity and pH levels of the mainstream and backwater at 
Beeston. The thermal characteristics of the backwater reflected 
those in the mainstream. Slightly decreased temperatures relative to 
the main channel were recorded during September and October. 
Temperatures of just below 3Q°C were recorded both in the mainstream 
and backwater on 15 July. Dissolved oxygen (as percentage 
saturation) levels declined from almost 100% in the mainstream to 
less than 40% at the extreme end of the backwater during October and 
September under low flow conditions. Conductivity variations within 
Beeston backwater showed a similar pattern of response to chloride 
variations. Although differences were discernable, pH levels were 
similar in the backwater and mainstream. 
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mainstream and backwater at Beeston on the River Trent. 
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5,2,2 SHARDLOW BACKWATER, RIVER TRENT 
Marked differences in solute concentrations were recorded between the 
mainflow and this former gravel pit between May and October 1986 
(Figures 5.20 - 5.22). Quality variations between the backwater and 
mainstream were particularly marked for orthophosphate and total 
oxidised nitrogen especially under stable low flow conditions, 
Backwater orthophosphate levels were reduced to 15% of river levels 
on the 15th of July whilst total oxidised nitrogen levels were 
approximately 50% lower than in the mainstream. In addition calcium 
levels were some 40% lower in the backwater than the main channel on 
this date (Figures 5.22). Less variability occured between mainflow 
and gravel pit ammoniacal nitrogen, calcium and sulphate levels. 
However, rapidly rising flow conditions on the 12th of August 
resulted in marked dilution of sulphate and calcium, whilst 
ammoniacal nitrogen concentration increased in the mainstream 
(Figures 5.20 and 5.22). 
Table 5.4 shows statistically significant differences in total 
oxidised nitrogen and orthophosphate concentrations were recorded 
between the river and backwater over the study period. No 
significant difference was found between mainstream and backwater 
levels of the remaining four chemical determinands. Examination of 
Figures 5.24 and 5.25 shows orthophosphate and total oxidised 
nitrogen levels were similar in the mainstream and backwater at the 
beginning and end of the study period but diverged between June and 
October with lower concentrations generally being recorded in the 
backwater over this period. The reduced orthophosphate levels 
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Figure 5.20 Ammoniacal nitrogen and total oxidised nitrogen levels in 
the mainstream and backwater at Shardlow on the River Trent. 
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Figure 5.21 Chloride and orthophosphate levels in the mainstream and 
backwater at Shardlow on the River Trent, 
183 
c 
I 
c 
~ 
~ 
!... 
"' E
-
.. 
-
"' .<: 
.E!-
:I 
(/) 
200 
150 
100 
200 
150 
100 
200 
150 
100 
20-5 
,• ........ 
,' .... ___ -·---·---· 
.......... 
•• 
_,.c-o-o-c--c 
,_,_.....c 
15-7 
~ q-,~c-c--c 
I 
I 
I 
9-9 
' I 
I 
·---··--.. -·---· ........... . 
~,c-.....•----•-- --•----• 
•--- a-o-o-a 
0 100 200 
17-6 
.... ~. 
· .. 
~ "•----·----·----·----· 
0-G -o-o-a--c 
7-10 
::~ ................... ----·----·----. 
-a-o-c-o--o--a 
0 100 200 
Distance into backwater (m l 
125 
100 
75 
125 
100 
75 
125 
100 
75 
Figure 5.22 Sulphate and calcium levels in the mainstream and 
backwater at Shardlow on the River Trent. 
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contrasted strongly with elevated concentrations in the mainstream, 
Chloride and sulphate levels exhibited reduced variability within the 
backwater compared to those displayed in the main channel (Figures 
5.26 and 5,28), 
Table 5.4 Results of Mann Whitney test for Shardlow backwater 
NH4N TON P04P Cl ea 504 
I Mf/20m 
* I 
I Mf/50m 
* * I 
I Mf/lOOm 
* * I 
I Mf/200m 
* * I 
* 
= significant difference at 5% level (C><= 0.05) 
PT2AM 185 
.... --------------------------------------------------------------------------------------------, 
300 
~U) 
.§ 200 
Cl> 
e> 
.. 
~ 100 
0 
0·8 
0·6 
0·4 
~ 
~ 
!... 
en 
E 
-
0·2 
c 
" en 0 
~ 
~ 0·8 '2 
iii 
0 
.. 0·6 
'2 
0 
E 
E 
< 0·4 
0·2 
0 
M a inflow 
20m 
100m 
M J J A s 0 N 
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nitrogen concentrations in the mainstream and at three distances into 
Shardlow backwater on the River Trent. 
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Figure 5.24 Discharge fluctuations and variations in total oxidised 
nitrogen concentrations in the mainstream and at three distances into 
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concentrations in the mainstream and at three distances into Shardlow 
backwater on the River Trent. 
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Figure 5.26 Discharge fluctuations and variations in chloride 
concentrations in the mainstream and at three distances into Shardlow 
backwater on the River Trent. 
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concentrations in the mainstream and at three distances into Shardlow 
backwater on the River Trent. 
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Figure 5.28 Discharge fluctuations and variations in sulphate 
concentrations in the mainstream and at three distances into Shardlow 
backwater on the River Trent. 
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Figures 5.29 and 5.30 display dissolved oxygen, temperature, 
conductivity and pH differences between the mainstream and Shardlow 
backwater. Water temperatures were found to be consistently greater 
in the mainstream than the former gravel pit over the study period. 
A maximum temperature difference of 7.5°C, between the warmer 
mainstream and cooler backwater was recorded on 7 October. Transient 
stratification of temperature and dissolved oxygen was recorded on 15 
July. Surface to bottom variations of temperature are illustrated in 
Figure 5.29. A maximum difference of 3.3°C was recorded between 
surface and bottom temperatures on an adjacent transect (not 
illustrated). 
Supersaturation of oxygen was recorded at the surface of the 
backwater on 15 July; whilst levels of less than 40% saturation were 
recorded at the bed. Conductivity variations reflected as similar 
pattern to that displayed by chloride. pH was found to be greater in 
the backwater than the mainstream throughout the study period. 
Elevated pH levels of greater than pH 9 were recorded within the 
backwater during July-September. The maximum pH of 10.3 recorded 
during July was 2 pH units greater than that in the mainstream. A 
massive algal bloom was observed on this date. 
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Figure 5.29 Dissolved oxygen and temperature variations in the 
mainstream and backwater at Shardlow on the River Trent. 
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5,2.3 BARROW BACKWATER, RIVER SOAR 
Figures 5.31 - 5.34 illustrate solute concentration variations with 
increasing distance from the mainstream in this 'parapetomic' 
environment. A gradual fall in the levels of all determinands 
occurred in May and early June (Figures 5.31 - 5,34). 
This period was associated with variable flow conditions. All 
measured parameters indicated a marked reduction in the degree of 
mainstream influence on backwater chemistry occurred towards the end 
of June. A sharp fall in solute levels within 50m of the mainstream 
was maintained during July and early August. Stable low flows 
occurred during this period, A slight increase in the mainstream 
influence on backwater chemistry occurred around middle to end of 
August, The increased mixing over this period coincided with 
discharge fluctuations. The mainflow influence on backwater quality 
again reduced during September and early October. Increased flow 
variability after this period of low flows was concomitant with 
increased mainstream influence of backwater chemistry. The solute 
concentrations recorded at the upstream end of this backwater closely 
reflected the chemistry of the adjacent gravel pit lake. Bankside 
seepage into the artificial channel was recorded from the lake after 
it had been inundated by flood flows subsequent to the level of water 
in the backwater falling as main channel discharge decreased. 
Figures 5.35 - 5.39 contrast water quality variations recorded 
between the mainstream and three different distances into the 
backwater between May and October 1986. Backwater ammoniacal 
nitrogen levels were dissimilar to those in the main channel 
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throughout the sampling period (Figure 5.35). Total oxidised 
nitrogen, orthophosphate and chloride concentrations at 20m and 50m 
within the backwater appeared to approach mainflow levels under 
fluctuating discharge conditions during May and August (Figures 5.36 
- 5.38). Calcium levels varied little between the mainstream and 
backwater over the study period. 
Examination of Table 5.5 shows that between May and October 1986 
levels of ammoniacal nitrogen and total oxidised nitrogen were 
significantly different at all distances within the backwater from 
those in the mainstream. Concentrations of orthophosphate and 
chloride differed significantly beyond lOm and 20m into the backwater 
respectively over the same period. Calcium levels were similar in 
the mainstream and backwater. 
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Table 5. 5. Results of Mann Whitney test for Barrow backwater 
I 
I 
NH4N TON P04P Cl ea 
I 
I Mf/lOm 
* * I 
I Mf/20m 
* * * I 
I Mf/30m 
* * * * I 
I Mf/40m 
* * * * I 
I Mf/50m 
* * * * I 
I Mf/lOOm 
* * * * I 
I Mf/150m 
* * * * I 
* = significant difference at 5% level ~= 0.05). 
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Figures 5.40 - 5.43 show the dissolved oxygen, temperature, 
conductivity and pH variations between the mainstream and Barrow 
backwater between May and October 1986. Temperature and dissolved 
oxygen levels were similar in the mainstream and backwater during May 
and early June. Elevated levels of dissolved oxygen were recorded 
between lOm and 150m into the backwater during July and early August. 
Levels of 70-75% saturation in the mainstream contrasted sharply with 
supersaturated values of up to 130% recorded in the backwater during 
this period. Temperatures between lOm and 150m were greater than 
those in the mainstream during the same period. However, lower 
temperatures were recorded beyond 150m into the side arm. During mid 
August and early September, a period associated with unstable flow 
conditions, temperatures and dissolved oxygen levels within the 
backwater were similar to those in the mainstream. Increased 
dissolved oxygen levels within the first 50m of the backwater were 
documented in mid September. Elevated pH levels were recorded in the 
side arm between late June and the beginning of August. 
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5.2.3.1 HYDROCHEMICAL VARIATIONS WITHIN BARROW UPON SOAR 
BACKWATER DURING A FLOOD EVENT, MAY 1986 
Figure 5.44 shows the flood period solute behaviour recorded between 
the 18 and 29 May associated with a flood of 27 m3s-l (peak 
discharge). All determinands displayed a dilution response with 
increased flow except ammoniacal nitrogen, which shows on ill-defined 
pattern of response. Figure 5.45 indicates that the backwater 
reflected mainstream solute levels up to 20Dm along its length on the 
22 May. Beyond 200m into the backwater a decline in the 
concentration of the majority of determinands was observed. 
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5.3 SYSTEMS WITH NO PERMANENT CONTACT TO THE MAINFLOW AND HIGHLY 
INFLUENCED BY RIVER DISCHARGE (PLEISIOPOTAMON) 
5.3.1 STANFORD BACKWATER, RIVER SOAR 
Figures 5.46 - 5.48 contrast the variability between mainstream, 
backwater and floodplain groundwater chemistry on individual sampling 
dates. The nature of hydrochemical variations between the mainstream 
and the oxbow varied considerably between the determinands and the 
sampling point examined within the backwater. Table 5.6 summarises 
the results of Mann Whitney test comparing the similarities and 
differences between mainflow, oxbow and groundwater quality. 
Interpretation of these statistics is facilited by concurrent 
examination of Figures 5.49 - 5.54 , which contrast mainflow, 
backwater and well quality variations at fortnightly intervals during 
the study period. The discharge at which the oxbow is hydrologically 
in connection with the mainstream is indicated by Qc ( 5m3s-l) on the 
above Figures. No statistically significant differences were 
recorded between mainstream and backwater levels of ammoniacal 
nitrogen, total oxidised nitrogen and orthophosphate (Table 5.6). 
Markedly lower concentrations of these determinands were recorded 
between May and October 1986 in the backwater than the mainstream 
(Figures 5.49 - 5.51). Whereas statistically significant differences 
between groundwater and mainflow concentrations were found for 
orthophosphate and total oxidised nitrogen, no significant difference 
was found for ammoniacal nitrogen. Within the backwater chloride 
concentrations did not differ significantly from those in the 
mainstream. However, groundwater chloride concentrations were 
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Table 5.6. Results of Mann Whitney test for Stanford backwater 
NH4N TON P04P Cl Ca so4 
I Mf/lOm 
* * * - I * I I 
I Mf/75m 
* * * - I I I 
I Mf/150m 
* * * * I I I 
I Mf/gw 
* * * * I I I 
I 150m/gw 
* * * * 
- I 
I I 
* 
significant difference at 5% level ( o<= 0.05) 
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Figure 5.51 Discharge fluctuations and variations in orthophosphate 
concentrations in the mainstream, backwater and groundwater at Stanford 
on the River Soar. Symbol D = backwater dry. 
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significantly different from those in the mainstream and backwater 
(Table 5.6). No significant difference in calcium concentrations 
between the mainflow and lOm or 75m into the backwater was recorded. 
In contrast a statistically significant difference was recorded 
between calcium concentrations in the main channel and those 150m 
into the backwater (Table 5.6). Elevated levels of calcium at 150m 
into the backwater followed drying out of this part of the oxbow 
(Figure 5.53). Sulphate concentrations in the mainflow did not 
significantly differ statistically from those in the groundwater or 
backwater, with the exception of those into the backwater (Table 
5.6). Reduced sulphate levels at lOm into the backwater coincided 
with the drying out of the remainder of the oxbow when sampling was 
undertaken in July and early October (Figure 5.54). 
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Figures 5.55- 5.56 display dissolved oxygen, temperature, 
conductivity and pH differences between the mainstream and Stanford 
oxbow between May and October 1986. Increased temperatures and 
dissolved oxygen levels were recorded between late July and 
mid-September within the oxbow compared to those in the mainstream 
(Figure 5.55). Temperatures recorded lSOm into the backwater though 
were lower than those observed elsewhere in the backwater. pH varied 
markedly within the backwater. 
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5.4 SYSTEMS WITH NO PERMANENT CONTACT TO THE MAINFLOW AND MILDLY 
INFLUENCED BY RIVER DISCHARGE (PALAEOPOTAMON) 
5.4.1 WILLINGTON, RIVER TRENT 
Figure contrasts the variability between mainstream and backwater 
chemistry between May and October 1986. Marked differences between 
the chemical quality of the floodplain lake and the river channel 
were apparent for all determinands. 
Statistically significant differences in concentration of total 
oxidised nitrogen, orthophosphate, chloride, sulphate and chloride 
were apparent over the study period (Table 5.7). Dilution of all 
determinands in the mainstream with the exception of ammoniacal 
nitrogen (which showed a concentration response) occurred when 
sampling was carried out on 12 August under flood flow conditions. 
Table 5.7. Results of Mann Whitney tests for Willington backwater 
I NH4N TON P04P Cl ea I so4 I 
~~-----+----~-----+----~r----+----rl --~~ I I I 
I Mf/bw * * * - I * I 
~~----~----~----~----~L---~----~1 --~1 
* 
significant difference at 5% level ( o< = 0.05) 
230 
~ 
~ 
!... 
Cl 
E 
" 
., 
Cl 
0 
~ 
-"2 
iii 
0 
"' 2 
0 
E 
E 
<( 
~ 
~ 
!... 
Cl 
E 
-
., 
-
"' .r:.
c. 
"' 0 
.r:. 
c. 
0 
.r:. 
-
~ 
0 
'; 
c. 
0·8 
0·6 
0·4 
0·2 
4 
3 
2 
1 
125 
E 100 
., 
"0 
;:: 
.2 75 a 
_ .. "'-.Mainflow ;" .. ..,.., .. -.. 
" "'----"---.o. Backwater 
, . .. 
, ' -
,' ....... 6 ...... 
M J J 
Mainflow /• 
" 
A s 0 
Backwater 
Mainflow 
·--· I 
• 
, 
, 
... ---•' 
-
- • Backwater , 
.-
0~ 
I 
0 --- -o---- o- ---~--- -o., •• o 
Backwater 
I 
I 
M J J A S 0 
~lo•\-
~ 
~ 
10 !... Cl 
E 
" 
., 
Cl 
0 
~ 
-5 "2 
"0 
., 
!!! 
"0 
";( 
0 
iii 
·-{3. 
~ 
~ 
!... 
Cl 
E 
75 E 
" 0 
"' 0 
50 
~ 
'; 
150 0, 
E 
., 
-100 _g 
50 
c. 
:; 
en 
Figure 5.57 Solute concentration variations in the mainstream and 
backwater at Willington. 
231 
PT2AAH 
CHAPTER 6 
HYDROCHEMICAL VARIATIONS WITHIN BACKWATER AREAS OCCURRING DURING 
RESERVOIR CLEANING OPERATIONS AND NATURAL FLOOD EVENTS ON THE UPPER 
RIVER RHONE FRANCE: A CASE STUDY 
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An applied study on the Upper River Rhone, France was undertaken in 
June 1987 to examine the physicochemical effects of reservoir cleaning 
and emptying operations on backwater chemistry. In addition the 
concurrent occurence of natural flood events provided the opportunity 
to examine the influence of rapidly varying flow conditions on 
backwater physicochemistry in a regulated upland river system. 
6.1 BACKGROUND TO THE STUDY 
Two major reservoirs, the Verbois (Switzerland) and Genissiat (France) 
on the R Rhone downstream of Geneva (Figure 6.1 a) have been partly or 
entirely emptied and cleaned every 2-3 years since their construction 
in the 1940's. 2-3 million tons of sediment are released during each 
operation. This has resulted in physicochemical alteration in water 
quality up to 160Km downstream from Genissiat dam (Roux, 1984). 
The Verbois dam is situated 13Km downstream from the confluence of the 
R Arve and the R Rhone. The R Arve carries approximately 1-2 million 
tons of inorganic sediment into the R Rhone each year. (Piery, per 
comm, 1987). 
The Genissiat dam is the largest of a series of four dams (Figure 6.1 
a) on the river, being greater than lOOm in height, 23Km long and has a 
capacity of 54 million m3. The smaller Seyssel dam regulates the 
downstream flow fluctuations caused by Genissiat. 
The emptying and cleaning operations were carried out at irregular 
intervals between 1945-69 and subsequently at three year intervals. 
From 1965 onwards systematic monitoring of the operations have been 
carried out at various research stations between Verbois and Lyon. 
Both physical pollution due largely to inorganic material from the R 
Arve and organic pollution have affected the R Rhone during past 
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Figure 6.1 (a) The Upper River Rhone, France; (b) the Chautagne reach 
and; (c) the Jons reach. 
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operations. Prior to 1968 and the construction of a sewage treatment 
plant in Geneva the city used to input 30,000 tons of organic sludge 
annually to the R Rhone which was subsequently stored in the downstream 
reservoir. Whilst in 1978 only a small amount of sediment was released 
from Verbois reservoir, some three million tons plus of suspended 
material (representing material that had accumulated over a thirty year 
period) was released from Genissiat and resulted in catastrophic 
pollution. Dissolved oxygen levels fell to zero at Seyssel, whilst 
ammonia levels rose to a maximum of 12 mgl-1 at Lyon (Roux, 1984). 
In a side arm of the R Rhone, which was protected from the sediment 
laden anoxic flows experienced during the 1978 cleaning operations by 
the Jons dam, the numbers of the benthic invertebrate Gammarus remained 
the same as in the year prior to the cleaning operation. In contrast 
populations in the mainflow were greatly reduced and it was twelve 
months before the population was restored to former levels (Dessaix, 
1980). The 1978 operations also had catastrophic effects on fish 
populations with fishes that could not leave the channel to seek refuge 
in side arms or tributaries dying in the anoxic flow (Roux, 1984). 
These examples clearly illustrate the importance of backwaters as 
refuges for animal species during adverse flow conditions. 
The purpose of this study was, therefore, to examine the hydrochemical 
variations occurring in backwaters during such reservoir cleaning 
operations. In addition the occurrence of natural flood events during 
the study period allowed the influence of rapidly varying flow 
conditions on mixing between a parapotamic backwater and the mainstream 
to be examined. 
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6.2 SITE SELECTION CRITERIA 
In order to examine the physicochemical effects of the reservoir 
cleaning/emptying operations on backwaters and secondary arms and the 
degree of mixing between the mainflow and backwaters a number of 
potential sites were provisionally selected from map sources and from 
personal communications with French researchers. A range of criteria 
governed site choice. The backwaters had to be representative of the 
study reach and preferably in permanent contact at one end with the 
mainflow, in order to enable the study of mixing between the 
main-channel and backwater, The backwaters had to be readily 
accessible on foot or by boat with portable equipment and of a 
'managable' size to study. The last two criteria were of particular 
importance because of the inaccessibility and sheer size of some of the 
backwaters. The number of samples that it would be possible to analyse 
for a range of 15 chemical and physical parameters additionally 
governed the number of sites which could be selected. The choice of 
backwaters of similar dimensions to those studied within the R Trent 
basin would allow results obtained on the R Rhone to be compared with 
those from the Trent basin. 
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6,3 PILOT FIELD SURVEY 
Preliminary field survey of backwater sites was carried out at 
Chautagne, Jons and Evieu on the 7th and 8th of June 1987 (Figures 6.1 
b, 6.1 c and 6.2), 
The first backwater was situated upstream of the EDF (Electricity 
Board) dam at Jons (Figure 6.1 c). The backwater was approximately 
300m in length, up to 40m wide and averaged 1-2m deep, running closely 
parallel to the main channel. The backwater was still in direct 
connection with the mainflow at its downstream end and also at several 
points along its length. Rapidly increasing river levels on the 7th of 
June and dense vegetation made sampling difficult and dangerous. In 
addition sites proposed for fixed site equipment were rapidly flooded 
and consequently this site was not chosen for detailed field survey. 
A second potential field site was situated between Motz and Culoz 
(Figure 6.1 b). Since 1981 and the completion of the Chautagne 
hydroelectric plant part of the river channel has been bypassed with 
the construction of the diversion canal and adjacent dam. The 
diversion canal is approximately 9Km in length and has a maximum 
capacity of 700 m3s-1, During periods of high flow the dam at the top 
end of the bypassed section is opened and flood water allowed to pass 
down the bypassed section. Under normal flow conditions a minimum 
compensation flow of 10m3s-1 in winter and 20 m3s-1 in summer flows 
down the bypass section. Thus under normal conditions the bypass 
functions as a 'giant' backwater. The backwater is considerably 
influenced by groundwater under l~w flow conditions. 
During the reservoir cleaning and emptying operations it was expected 
to be theoretically possible to close the dam at the head of the bypass 
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Figure 6.2 The Bregnier-Cordon study reach and anastomosed side arms 
where investigations were undertaken (insert). 
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channel to prevent sediment laden water entering the 'backwater' and 
then re-open the dam again after the sediment laden 'pulse' had passed; 
thus utilising the bypass as an ecological refuge area thereby 
preventing mass fish and invertebrate mortality. 
As extreme flood events coincided with the period of cleaning 
operations it was clear even prior to the 'release' that it would not 
be possible to study the backwater under stable low flow conditions to 
deduce the effects of reduced mainflow influence, groundwater 
influences and increased residence time etc, on the backwater 
hydrodynamics and consequently the site was not chosen for further 
detailed study. In retrospect this was the correct decision as the 
barrage had to be fully opened at the head of the bypass when the 
capacity of the diversion canal was exceeded. Sediment laden water 
from both the flooded Fier tributary and the cleaning operations was 
channelled down the Chautagne bypass. 
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6.4 HYDROCHEMICAL VARIATIONS WITHIN BACKWATER AREAS IN THE BREGNIER 
CORDON REACH 
On the basis of preliminary investigations two study-sites close to 
Evieu village were selected for detailed study. The sites were 
situated within the braided-anastomosed reach of Bregnier-Cordon 
upstream of Evieu Bridge (Figure 6.2). The primary site was a former 
anastomosed side arm 300m in length, three to twelve metres wide and 
one to four metres deep under low flow conditions (Figure 6.3). The 
backwater was naturally abandoned around 1950 yet still remains in 
contact with the mainstream at its downstream end except under extreme 
low flow conditions. The second was a shallower channel and cuts 
through a well vegetated former gravel bar. The channel was 150m in 
length, five to ten metres wide and averaged two metres deep. This 
backwater had a fairly wide opening into a shallow bay adjacent to the 
mainstream at its downstream end. The backwater was abandoned around 
1960 and is no longer connected to the mainflow at its upstream end. 
6.4.1 BACKGROUND OF THE STUDY REACH 
Between Bregnier and Evieu prior to embankment works in the 1880's the 
R Rhone was characterised by unstable, shallow and wide high velocity 
channels with a braided pattern. Lateral overflow at the channel 
margins has resulted in parts of the river adopting an anastomosed 
pattern. These anastomosed channels are of low gradient (in contrast 
to the braided channels), sinuous, stable and deep. 
In the 1880's many channel side arms were dammed by a submersible 
embankment which under low flow conditions diverted the majority of the 
flow into the main channel thereby improving navigation. This resulted 
in the arrest of the rejuvenation of channel pattern. As a consequence 
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Figure 6.3 The parapotamic backwater s tudy site at Evieu. 
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of this many ecological successions in backwater environments were able 
to proceed uninterrupted until the 1980's. Because of the embankment 
the river bed aggraded lm in lOO years. A result of the embankment was 
to cause the deposition of sediment at primarily the upstream ends of 
side channels; consequently causing their cut-off from the mainstream. 
Much of the reach, particularly the anastomosed section was protected 
from the formation of new active channels and was subject to slow 
silting. 
In 1917 the embankment was breached and by 1918 after a major flood the 
river adjusted its course through this breach. A new geomorphological 
pattern was produced, immediately upstream of Evieu bridge over a 
distance of lKm with new gravel bars and chutes being formed. This 
breach resulting in localised disruptions of ecological sequences. 
The "Compagnie Nationale du Rhone" is currently completing the 
construction of a hydroelectric project that will generate 360 Gwh yr-1 
is the Bregnier-Cordon reach (Figure 6.2). The power station is 
located on the man-made diversion canal. Consequently the 
braided-anastomosed reach of the R Rhone between Cuchet and Evieu 
bridge has been dammed at the upstream end and by-passed. One expected 
impact on this by-passed section which contains a wide range of 
backwater environments and secondary channels has been a reduction of 
the water table by l-2m and a reduced period of floodplain inundation 
(Ward and Stanford, 1979). Such a lowering of the water table will 
cause a reduction in the number of semi-aquatic and aquatic functional 
units (ie the palaeopotomon and pleisiopotomon (Roux, 1982). The 
suspended sediment load was expected to decrease resulting in a 
decrease in the quantity of sediment deposited on the floodplain. 
Bedload derived from the main R Rhone upstream would be cut off by the 
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barrage at the upstream end of the braided/anastomosed belt. The 
construction of the hydroelectric scheme will have a considerable 
impact on ecological successions within the secondary arms and 
backwater environments; this is currently the subject of intense study 
(Bravard et al, 1986; and Amoros et al, 1987). 
Legislation has ensured that a compensation flow in the by-passed 
section of between a winter minimum of 80 m3 s-1 and a summer maximum 
of 150m3 s-1 flows through the reach under 'normal' conditions. A 
weir has been built in the former main channel in the by-passed section 
in order to maintain a certain water level within the backwaters and 
secondary arms. This weir has resulted in the drowning out of rapid 
and riffle sections and may consequently lead to a reduction of flora 
and fauna characteristic of the previously lotic environment and their 
partial replacement by species more characteristic of more lentic 
environments. 
During extreme flood conditions or during reservoir cleaning operations 
the barrage at the upstream end of the bypass may be opened, thus 
allowing the transmission of water via the bypass. Such sudden 
fluctuation in discharge have had deleterious effects on the downstream 
ecology (Cellot and Bournard 1984; Cellot, 1984; Gaschignard et al, 
1983; Gaschignard, 1984; Gaschignard and El Hamdi, 1984; Gaschignard 
and Berly, 1985; Carrel, 1986; Marmonier and Dole, 1986; and Bournard 
et al, in press). 
6.4.2 METHODOLOGY 
6.4.2.1 MAIN SURVEY METHODOLOGY 
A range of fifteen chemical and physical parameters were examined in 
order to determine the downstream physicochemical impact of the 
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reservoir emptying operations and natural flood events on water quality 
variations within the two backwaters at Evieu, 
Results from previous operations and theoretical calculations predicted 
that the sediment laden release water would reach Evieu, 90Km 
downstream of Genissiat dam on the 14th of June, Preliminary field 
surveys and sampling were undertaken on the 8th of June. The number of 
samples collected and sampling locations were governed by the number of 
chemical tests which could be carried out with the available equipment 
and by site accessibility respectively. 
Once daily sampling surveys were undertaken prior to the release of the 
8th, lOth, 12th and 13th of June. On the 14th of June when the 
sediment laden release water was expected to reach Evieu, two sampling 
surveys were undertaken in the morning and evening. From the 15th to 
the 20th of June inclusive daily surveys were performed, Water samples 
were collected at 25m, SOm, 75m, 150m and 250m intervals from the 
mainflow into the anastomosed backwater and at 75m and 150m intervals 
from the mainflow into the second backwater. Samples were also taken 
from both banks of the main river at the bridge, The water samples 
were collected in 250ml polyethelene bottles, which had been previously 
washed in deionised water and then rinsed in river water immediately 
prior to sampling, All samples were replicated, Fifteen physical and 
chemical parameters were examined and are shown in Table 6.1. 
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Table 6.1 The physical and chemical parameters examined in the study 
CHEMICAL PARAMETERS PHYSICAL PARAMETERS 
Ammonium (NH4) Conductivity 
Calcium hardness Dissolved oxygen 
Carbon (TOC) Stage 
Chloride Temperature 
Nitrate (NOJ) Transparency 
Phosphate (P04) Turbidity 
Silica 
Sulphate (S04) 
pH 
Rapidly fluctuating flow conditions in the main river and the 
inaccessibility of the backwaters due to dense vegetation made 
collection of samples by boat impossible. Consequently samples 
were collected on foot and by hand at arms length from the bank. 
Vegetation and dangerous bankside conditions often made access to sites 
difficult. A sampling device was made using a variably weighted 250ml 
polyethelene sampling bottle and length of cable to overcome this 
problem. 
All chemical analyses except carbon (as TOC) and nitrate were carried 
out using a portable LED model 2000 photometer and Merck Aquaquant 
analysis kits in the field in a 'temporary field laboratory'. Nitrate 
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analyses were performed by CEMAGRAF in Lyon and carbon (TOC) analyses, 
using a Dohrman DC80 automated laboratory total carbon analyser in the 
laboratories of 'Le Department d'Ecologie des Eaux Douces', Universite 
Claude Bernard Lyon I by the author. The number of nitrate and carbon 
analyses which could be undertaken was limited to 34 by equipment 
availability in the above institutions. The total number of other 
chemical analyses was limited to lOO of each determinand by the 
availability of reagents and the time required to perform the analyses. 
All chemical analyses excluding nitrate and carbon were undertaken 
within 12 hours of sample collection after filtration using Whatman, 
GFC filter papers by the author. The number of measurements which 
could be made of dissolved oxygen, pH, temperature and conductivity 
were in theory unlimited as a phox DPM lOO portable field monitor was 
available to collect this data. This monitor proved unreliable and 
regularly failed to work in the field. For such an eventuality LTH PBS 
field conductivity meters, glass thermometers and Corning 3D pH meters 
were available to provide alternative means of measurement. 
Transparency was measured using a standard Sechi disc and turbidity 
using a turbidity tube, graduated in normal turbidity units (NTU's). 
6.4.2.2 TRIBUTARY FLOOD SURVEY METHODOLOGY 
On the 14th of June the hydrochemical variations occuring during a 
tributary flood event at Evieu were monitored. The progressive 
influence of the tributary flood on the hydrochemistry of the 
anastomosed backwater at Evieu was monitored physically, chemically and 
photographically over a period of hours. Turbidity, conductivity and 
stage were monitored at approximately 20 minute intervals before the 
arrival of the rising limb of the flood. On the rising limb of the 
flood monitoring was undertaken at 5 minute intervals until no further 
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variation in the above parameters was detected. Water samples were 
collected in 250 ml polyethylene containers at the above time 
intervals. Additionally samples were collected and monitoring 
undertaken at 50m and 150m into the backwater, prior to the arrival of 
the flood, at 8.30am and 9.30am, one hour and two hours respectively 
after the start of stage rise at Evieu. Photographs were taken to 
record the passage of the 'sediment front' moving into the backwater 
(Figures 6.4 a and b). All samples collected were analysed for 
hardness on return to the field laboratory. 
6.4.3 RESULTS 
The results presented herein focus on the hydrochemical impact of the 
interaction between reservoir cleaning operations and natural flood 
events on the 300m long parapotamic backwater site at Evieu. Firstly 
the differing behaviour of determinands within the mainstream and at 
75m into the backwater are compared over the study period. Secondly 
the hydrochemical responses of individual physicochemical parameters 
are examined with increasing distance into the backwater prior to, 
during and after the passage of the release wave. Finally the 
occurrence of tributary flooding and the opening of the dam at the 
head of the Bregnier-Cordon reach on the 16th of June allowed the 
effects of rapidly varying flow conditions on mixing between the 
mainstream and the 300m long backwater to be determined. 
The initial passage of the sediment laden release wave at Evieu 
occurred during the afternoon of 14th June. Prior to this date 
between the 8th and 12th of June the water quality at 75m into the 
backwater was essentially the same as in the mainstream (Figures 6.5 
and 6.6). Turbidity was an exception with substantially greater 
levels being recorded in the mainstream than at the 75m mark over this 
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Figure 6 . 4 (a) and (b) The movement of the sediment front into the 
parapotamic backwate r at Evieu on 16 June 1987. 
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Figure 6.5 A comparison of mainstream and backwater (at 75m from the 
main channel) levels of somephysicochemical parameters examined at Evieu 
bridge between the 8th and 20th of June 1987 (continued in Figure 6.6). 
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period; which was associated with high flows. In the period between 
the 12th and 14th of June a fall in river level was associated with 
marked increases in conductivity, silica and calcium hardness at 75m 
into the 300m parapotamic backwater (Figure 6.5). 
The marked increase in mainstream turbidity levels on the afternoon of 
14th June and decreased flows, coincided with the passage of the 
sediment laden reservoir release wave (Figure 6.5). An increase in 
turbidity levels 75m into the backwater occurred between the 14th and 
17th of June and was associated with increasing mainstream flows. In 
contrast hardness, silica, carbon and conductivity appeared to decline 
sharply in concentration 75m into the backwater between the 14th and 
18th of June, whereas mainstream levels of these determinands continued 
to remain relatively constant (Figure 6.5). After the 18th of June 
conductivity, silica and calcium hardness levels at 75m into the 
backwater were similar to those in the mainstream. In contrast 
turbidity levels were greater in the mainstream than at 75m into the 
backwater between the 18th and 20th of June; with a significant rise 
in mainstream turbidity being recorded on the 20th of June (Figure 
6.5). 
Only slight differences were recorded between mainstream and backwater 
ammonium, phosphate and chloride levels over the study period (Figure 
6.6). Backwater nitrate levels though rose markedly on the 15th of 
June. Dissolved oxygen levels were slightly higher in the mainstream 
than the backwater between the 8th and 20th of June. Levels did not 
fall below 80% saturation in the backwater. pH levels also varied 
little between the mainflow and backwater, over the study period. 
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The differences in mainstream and backwater levels of conductivity, 
silica, calcium hardness and TOC before, during and after the passage 
of the release wave are further illustrated in Figures 6.7 - 6.10. 
Figure 6.7 shows the similarity of both conductivity and silica levels 
between the mainstream and at all distances into the backwater between 
the 8th and 12th of June. Both determinands showed marked increases in 
levels moving into the backwater within its first 75m between the 14th 
and 16th of June. From the 16th to the 20th of June conductivity and 
silica levels were essentially similar in the mainflow and backwater. 
Under the low flow conditions experienced on the 5th of July after the 
release, lower conductivity and silica levels were recorded in the 
mainstream than the backwater (Figure 6.7). 
Figure 6.8 contrasts the behaviour of sulphate and calcium hardness 
levels over this study period. Prior to the 14th of June calcium 
hardness levels within the backwater were similar to those in the 
mainstream. Sulphate levels during this period were slightly greater 
in the mainstream than the backwater. Under the low flow conditions 
experienced between the 14th and 15th of June elevated calcium hardness 
levels were recorded within the backwater. In contrast during the 
same period sulphate showed only slight differences in concentration 
between the mainstream and backwater; with lower levels being recorded 
within the dead zone. After the 16th of June when increased flows were 
again recorded the concentration of both sulphate and calcium hardness 
within the backwater reflected those in the mainstream. 
Figure 6.9 illustrates the turbidity variations recorded in the 
mainstream and backwater between the 8th and 20th of June. In addition 
252 
400 
300 
400 
300 
+ 
• 500 I 
I 
I 
I 
+ 
400 
• 
"' .. 300 
.. 
E 
u 
(/) 
' 400 
::: 
> ;; 300 
u 
~ 
" c 0 
u 
400 
300 
400 
300 
6-6 10-6 
+ ... + ---- + /v-v.v~v v 
+oo+oo+' 
V 
13-6 
--¥ 
/¥- ------¥ 
olj 
.+ ~~~· - , ...... 
VI 
I 
+ 
_+ +--- V 15-6 v-v-v~v )+·+-+'/' 
7 
+ 
V 
.;JII""""'v-v-v--v 
0 100 
16-6 
/: _____ : 
-+' 
16-6 
V v-v-v-v-v v 
+-- +-+-+----+-----+ 
20-6 
v-v-v-v-v v 
+-- +·+ .. +----+----- + 
200 0 100 200 
5-7 
,,+ 
v-v-v--v .... + .... 1!-+-+-- +""' 
v' 
5 
/I 
,-,+ 
:):'/ 
0 100 
Distance Into 
200 
backwater (m) 
5 
5 
5 
I 
5 . 
.. 
E 
• 
.!! 
u; 
5 
5 
Figure 6,7 The variation of conductivity and silica levels in the 
mainstream and backwater at Evieu bridge between the 8th of June and 5th 
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results of transparency measurements taken on the 14th, 15th, 17th, 
18th and 19th of June are presented. Prior to the passage of the 
sediment laden release wave on the afternoon of the 14th of June 
turbidity levels of 80-120 NTU were recorded in the main channel, 
whilst levels of 30-70 NTU were measured within the backwater. On the 
14th and 15th of June under low flow conditions transparency increased 
markedly beyond 75m into the backwater, but remained low in the 
mainflow. Turbidity in contrast decreased dramatically within the 
first 25m into the backwater on these dates. The increase in turbidity 
levels in the backwater on 16th June resulted in similar turbidity 
levels of approximately 200 NTU being recorded in both the main channel 
and dead zone on the 17th of June. The depth of light penetration in 
both the parapotamic channel and the mainstream fell to less than lOcm 
on this date. On the 18th of June mainstream turbidity levels remained 
at approximately 200 NTU whilst in the backwater turbidity fell below 
50 NTU's. Although on the 19th of June mainstream turbidity levels 
fell markedly, a pronounced rise in mainstream turbidity occurred on 
the 20th of June. This rise was associated with particularly high 
river flows on the 20th of June (Figure 6.5). 
On the 12th of June under flood conditions carbon levels were greater 
in the mainstream than the backwater. (Figures 6.5 and 6.10). In 
contrast the low flow conditions occurring between the 14th to 16th of 
June carbon levels rose in the first 75m of the backwater and then 
subsequently declined with increasing distance into the dead zone. 
Nitrate levels were similar in the mainstream and backwater on the 12th 
of June (Figure 6.10). Whilst on the 14th and 15th of June, beyond 
75m into the backwater nitrate levels were lower than in the mainflow. 
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After 15th June whilst river levels were high both nitrate and carbon 
levels were similar in the main channel and backwater. 
Figure 6.11 shows mainstream and dead zone backwater phosphate and 
ammonium levels differed little over the study period. Under the low 
flow conditions occurring on 15th June elevated phosphate levels were 
recorded within the first 75m of the backwater. On the 17th of June 
in association with flood flows both backwater and mainstream ammonium 
concentrations reached 1.2 mgl-1. Although chloride levels did 
fluctuate throughout the study period (Figure 6.6) variations between 
mainflow and backwater concentrations were slight (Figure 6.12). 
Figure 6.13 shows the combined effects of tributary flooding and the 
opening of the dam at the head of the Bregnier Cordon reach on 
turbidity and calcium hardness levels in the mainstream at Evieu on the 
morning of 16th June. Turbidity rose from 160 NTU's to 300 NTU's in 
less than two hours. Calcium hardness levels in the mainstream in 
contrast fell slightly. The impact of a water level rise of almost 
0.5m in less than two hours was to progressively increase turbidity 
and decrease calcium hardness levels within the backwater (Figure 
6.14). Furthermore Figure 6.14 shows the decrease in backwater 
calcium hardness concentrations associated with progressively rising 
river levels between the 14th and 19th of June at Evieu. 
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This project aimed to investigate the relationships between 
hydrological and water quality variations with particular reference to 
backwaters and dead zones in rivers. In the preliminary section of 
this discussion the series of pilot investigations which sought to 
identify the influence of "inchannel" dead zones on solute variations 
in upland channels and mixing on cross-sectional solute distributions 
in river channels are examined. Furthermore the preliminary studies 
which aimed to show whether differences in hydrochemistry could be 
identified between a limited number of minor backwaters and the 
mainstream in lowland channels are discussed. An assessment of the 
nature and magnitude of the influence of mainstream flow and quality 
variations on the physicochemistry of the lowland River Trent basin 
backwaters forms the major focus of the discussion. The results are 
discussed within the framework of Roux's (1982) hydrologically based 
typology of floodplain environments. In addition to mainstream 
influences on backwater physicochemistry a range of other potential 
influences are discussed. The hydrochemical impact of the reservoir 
cleaning operations and natural flood events on backwater quality at 
Evieu on the French Upper Rhone is discussed. A final section 
summarises the influences on backwater physicochemistry based upon 
observations and results from The River Trent and River Rhone studies. 
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7.1 PILOT INVESTIGATIONS 
Evaluation of the potential role of dead zones as in-channel solute 
sources was facilitated by comparison of the chemograph response and 
timing for the reservoir releases made in April and May 1985. The 
duration of the chemograph lags during the April reservoir release to 
the Afon Tryweryn at sites 3 and 5, downstream of the Nant Aberleiddyn 
and Afon Mynach tributaries, were significantly greater than those 
observed during the second release examined in May (Table 4.1). 
Although various factors may influence chemograph form and timing 
Foulger and Petts (1986) contend that water chemistry variations at a 
station during artificial releases may not be explained simply by 
kinematic routing (eg Brady and Johnson, 1981). They suggested that 
the lag in dilution was in part due to solute release from local stores 
as a result of physical disturbance by the flood wave and the duration 
of the lag was proportional to the magnitude of the 'solute store'. 
The occurrence of four major tributary floods within the 63 days prior 
to the April study during which no major releases were made indicated 
that a local 'build-up' or 'replenishment' of solutes could have 
occurred in the main channel downstream of the two tributaries. This 
would be in agreement with Carson and Sutton (1971) who found that 
tributary flood events may introduce 'fresh' solute sources to the main 
channel. The significant increase in post-release calcium loading 
between sites 3 and 4 during the April release from 1.4kg min-1 to 
nearly 2.3 kg min-1 (Table 4.2) cannot be completely explained by the 
approximately 0.3 kg min-1 increase in load attributable to the 
influence of the two tributaries between sites 2 and 3. Thus in-channel 
sources of solutes may be influential in determining patterns of water 
quality variations during artificial releases, and the "unexplained" 
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0,6 kg min-1 additional calcium loading may possibly be attributed to 
release from dead zone storage. This figure accounts for 26% of the 
calcium loading recorded at site 3 during the April release. In 
contrast results from the May release showed a negligible increase in 
post-release calcium load between sites 1 and 5 (Table 4.2). This 
suggested that inchannel dead zones solute sources may have been 
depleted prior to the study release by the previous days full (12.6 
m3s-l) release. Moreover the reduction in chemograph lag time 
documented during the May release also indicated that the "local" 
tributary derived solute sources may have been depleted by the recent 
high flow. This was in agreement with Walling and Foster (1975) who 
found that lag times progressively decreased through a series of 
closely spaced "natural" hydrographs. 
The results discussed herein for the reservoir releases examined in 
April and May 1985 clearly showed the influence of dead zone solute 
source 'replenishment' and 'depletion' on water quality variations 
during unsteady flow conditions. The results illustrate the importance 
of dead zones in upland channels as solute sources and stores. 
Consequently attempts to account for variations in chemograph response 
should consider the influence of dead zone derived solutes. 
Furthermore the results of the lateral mixing survey at site 5 (Figure 
4.9) on the Afon Tryweryn during November 1985 showed absolute solute 
concentrations varied across the channel illustrating the influence of 
the dead zone component on cross-sectional quality variations was 
apparent during unsteady flow conditions. 
Examination of lateral solute variations in the pool and riffle 
cross-sections on the River Derwent in 1985 showed a relatively 
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homogenous solute distribution for all determinands examined. The 
absence of any significant dead zone component, eg bankside pockets and 
recirculating zones at the channel margins could account for this. 
Consequently these results are in agreement with those of Glover and 
Johnson (1976); and Walling (1984), who found that turbulent mixing was 
generally sufficient to produce a homogenous distribution of solute 
concentration in river cross-sections. The differences found in 
nutrient concentrations between the mainstream and in the shallow zone 
of macrophyte growth may have been due to dilution by precipitation, 
bankside seepage, sediment/water interactions or nutrient uptake by 
aquatic macrophytes (Hill, 1982). 
Vertical mixing downstream of the River Derwent - River Amber 
confluence was shown to be complete over relatively short distances, in 
contrast to the longer distances required for transverse mixing. This 
was in agreement with the observations of Yotsukura and Sayre (1976). 
Cross-channel distributions of all the physico chemical parameters 
examined were found to become uniform over "mixing lengths" of 
750-lOOOm, even under stable low flow conditions, and despite of 
distinct physical and chemical differences between the two tributaries. 
The observed mixing lengths were much shorter than those reported by 
MacKay (1970). The observations of mixing downstream of the tributary 
confluence clearly indicated the impact of mixing on the breakdown of 
thermal and chemical gradients. The importance of the influence of 
mixing on backwater hydrochemistry as a result of flow fluctuations is 
discussed later with reference to studies in the River Trent basin and 
the Upper River Rhone. 
Preliminary investigations on the River Soar revealed that the dead 
zone component previously identified by Foulger and Petts (1984) in 
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upland channels displayed measurable lateral variations in stream 
chemistry on this lowland river. In addition between site differences 
in the levels of determinands examined within the three backwaters 
indicated that the magnitude of mainstream influence differed between 
the backwaters. Backwater (a), a small embayment which was in 
continuous contact with the mainstream reflected the chemical 
characteristics of the mainflow to a greater degree than did backwater 
(b) which was partially cut-off from the mainstream during low flows 
(Figure 4.17). However, the much larger 300m long backwater (c), 
although still connected to the mainstream showed marked seasonal 
variations in solute behaviour (Figures 4.18 - 4.21). The marked 
differences in solute levels over the summer period reflected a 
reduction in the degree of mixing with the mainstream. More variable 
flow conditions during the spring and autumn resulted in increased 
mixing between the side arm and mainflow. Whilst during the winter 
period flooding resulted in a marked increase of mainstream influence 
on the backwater. Several hypothetical explanations were postulated to 
explain the low nutrient concentrations observed within the backwater 
during the summer period. Floodwater concentrations of total oxidised 
nitrogen (STWA data) were too high for flushing out of the backwater 
alone to account for the low summer solute concentrations. Seepage of 
water with low nutrient and chloride concentrations from the adjacent 
gravel pit, in association with biological utilisation within the 
backwater by aquatic macrophytes appeared a more likely explanation. 
The limited investigation of the three backwater areas showed that 
differences did occur between backwater and mainstream chemistry. 
Statistically significant differences were only recorded between the 
300m long parapotamic backwater (c) and the mainstream for total 
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oxidised nitrogen, orthophosphate and chloride over the study period. 
A number of factors were postulated as influencing variations between 
mainstream and backwater chemistry. These included; backwater size, 
nature of connection and degree of hydrological connectivity with the 
mainstream, groundwater influence, biological and biogeochemical 
utilisation. 
269 
• 
PT3AAC 
7.2 THE INFLUENCE OF MAINSTREAM FLOW AND WATER QUALITY VARIATIONS ON 
THE HYDROCHEMICAL DYNAMICS OF BACKWATER AREAS WITHIN THE RIVER TRENT 
BASIN 
The importance of the influence of mainstream flow and quality 
variations on backwater hydrochemistry declined through the 
transitional sequence from eupotamic to palaeopotamic environments, as 
a result of the decrease in hydrological connectivity with the 
mainstream. In pronounced contrast to van Donselaar's (1961) view, the 
physicochemical behaviour of some backwater environments did deviate 
markedly from that of the mainstream. In agreement with the 
observations of Carrel (1986) the hydrological regime of the mainstream 
seasonally modified the physical and chemical conditions of floodplain 
backwaters within the River Trent basin. 
EUPOTAMON SYSTEMS 
The chemistry of the two eupotamic "backwaters" was essentially 
determined by that of the mainstream whilst flow through the backwaters 
was maintained. Below a "threshold discharge" of 7.0 m3s-l flow over 
Borrowash weir ceased, resulting in almost stagnant conditions 
downstream of the weir. Under these circumstances the physicochemical 
characteristics of the channel were governed by the quality of the 
urban runoff, which entered the flood relief channel near its upstream 
end. In spite of urban runoff inputs no statistically significant 
differences in solute concentrations between upstream and beyond 200m 
downstream of the weir for the period when the weir was overtopping 
were recorded (Table 5,1). 
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Whilst mainstream discharge was below the "threshold value" pH levels 
did not rise above pH 8.4. Oxygen levels were maintained above 60% 
saturation in the flood relief channel whilst the weir was not 
overtopping and temperatures above 14.4°C were not recorded within the 
backwater. 
Although the chemistry of the continuously flowing secondary channel at 
Cossington appeared to be essentially determined by mainstream quality 
variations it was significantly impacted by effluent inputs. 
Examination of chloride data (Figures 5.7 and 5.8) for the 11th of June 
and 19th of August clearly reflects the impact of point source effluent 
inputs 40m from the upstream end of the backwater. The slight decline 
in all determinand concentrations at the downstream end of the 
backwater may have been influenced by relatively dilute runoff inputs. 
Dilution though was more probably a result of limited mixing with less 
concentrated water from the River Wreake, whose confluence with the 
River Soar is some 150m downstream from the upstream end of the 
secondary channel. 
PARAPOTAMON SYSTEMS 
Distinct between site differences were found in the degree of influence 
of mainstream flow and water quality variations on the hydrochemical 
dynamics of the three parapotamic backwaters. These appeared to differ 
according to the geometry, magnitude and degree of hydrological 
connectivity with the mainflow. 
Whilst some differences were discernable between the physicochemical 
characteristics of the mainstream and of Beeston backwater the results 
indicated that the quality of this side arm essentially reflected that 
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of the main channel, Table 5.3 showed no statistically significant 
differences were recorded in the levels of the six chemical 
determinands examined between the mainstream and at three points within 
the Beeston side channel over the study period. Reductions in total 
oxidised nitrogen levels and the development of temperature and 
dissolved oxygen gradients during September and October (Figures 5.9 
and 5.18) between the mainstream and backwater may have resulted from a 
decrease in the rate of mixing during this period of sustained low 
flows. 
The large size of Shardlow backwater and its proportionally small 
connection with the mainstream may under low flow conditions have 
resulted in an increased retention period of the water mass held within 
the backwater as a consequence of the reduction in the rate of mixing 
with the mainstream. Table 5.4 showed that statistically significant 
differences in total oxidised nitrogen and orthophosphate 
concentrations were recorded between the main river and the backwater 
over the study period, However, no significant differences were found 
between main channel and backwater levels of the remaining four 
chemical determinands. Backwater orthophosphate levels were reduced to 
15% of river levels on the 15th of July (Figure 5.21). Whilst 
backwater total oxidised nitrogen concentrations 50% lower than in the 
mainstream were recorded on the same date (Figure 5.20), Chloride 
levels varied less within the backwater than in the main channel. This 
muted variability suggested a reduction in the impact of mainflow 
quality and discharge fluctuations on backwater chemistry, This 
backwater retained a degree of its own hydrochemical identity, The 
pronounced differences in orthophosphate and calcium levels between the 
mainstream and backwater during July (Figures 5.21 and 5.22) coincided 
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with a pronounced phytoplankton bloom. Moss (1977) documented a 
similar occurrence in an experimental 'Broad' still connected to the 
effluent impacted River Yare in Norfolk. Phytoplankton uptake may have 
accounted for some degree of nutrient depletion within the backwater. 
Nutrient uptake by aquatic macrophytes cannot be implicated as a cause 
of orthophosphate reduction due to the lack of any significant flora. 
Rigler (1979) postulated that two way exchange of water between rivers 
and subsurface groundwater may influence solute concentrations. In 
view that the backwater was excavated into the Trent gravels underlying 
the floodplain, potentially such interchanges may have influenced the 
physicochemistry of the backwater. Murphy et al (1983) found that at 
high pH levels calcium carbonate may precipitate out of solution as a 
result of nucleation on surfaces or particles within water. The 
occurrence of a pronounced algal bloom would provide suitable surfaces 
for nucleation and together with associated high pH levels recorded the 
above method may have contributed to the reduction of calcium levels 
within Shardlow backwater. Carrel (1986) observed a similar summer 
decrease in backwater calcium concentrations. 
The contrast in hydrochemical behaviour of the parapotamic, Beeston and 
Shardlow backwaters resulting from their differences in geometry and 
magnitude may be illustrated with reference to a comparison of the 
relationship between mainstream and backwater orthophosphate 
concentrations for the two sites (Figure 7.1). Data for Shardlow 
departs markedly from the straight line relationship displayed by the 
Beeston data (which indicated relatively complete mixing between the 
backwater and mainflow). The impact of nutrient utilisation by 
phytoplankton uptake as a result of the increased residence time within 
Shardlow backwater is apparent. The mainstream-backwater and between 
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site orthophosphate behaviour is additionally contrasted in Figures 7.2 
and 7.3. 
A temperature of 30.2°c was recorded in the mainstream at Shardlow on 
15th July (Figure 5.29). However, water temperatures up to 6.3oc lower 
were recorded within the gravel pit on the same date. The impact of 
elevated mainstream temperatures on the backwater was limited by the 
small size of the connection with the mainstream, its large volume and 
the occurrence of stable low flows which resulted in decreased mixing. 
The elevated pH levels and surface supersaturation of oxygen recorded 
at Shardlow may have resulted from enhanced rates of phytoplankton 
photosynthesis (Lelek, in press). Within effluent impacted lowland 
rivers the synergistic effects of elevated temperatures, summer low 
flows and high nutrient levels may have profound ecological 
consequences (Jose, in press). These effects are further examined 
within the context of increasing trends-in nitrate levels within the 
River Trent basin in Chapter 8. 
Barrow backwater was influenced by seepage at its upstream end from the 
adjacent gravel pit and at its downstream end by mainstream flow. 
Examination of hydrochemical gradients (Figures 5.31 - 5.34) along the 
length of the backwater in 1986 showed marked variations in the 
relative influences of lake seepage and mainstream flow on the 
backwater. A 'border effect' similar to that described by Reygrobellet 
et al (1981) between the two water types was apparent. The degree of 
relative influence of the two water masses was characterised by the 
hydrochemical gradients. There was a marked reduction in the 
mainstream influence of backwater phsicochemistry between the end of 
June and late September (with the exception of a short period during 
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August, which was characterised by variable flow conditions). Prior to 
the period of summer low flows the backwater was influenced by unsteady 
flow conditions. The impact of a 27 m3s-l flood on 22 May was to 
'flush-out' the parapotamic side arm resulting in the backwater 
reflecting mainstream solute levels up to 200m along its 320m length 
(Figure 5.45). The occurrence of a shallow bar and change in geometry 
of the side channel beyond 200m along its length may have resulted in 
incomplete 'flushing-out' of the extreme portion of the backwater. 
Routine sampling on the 27th of May showed the impact of flooding was 
transient and the degree of mainstream influence decreased with falling 
river level. The physicochemical gradients displayed within the 
backwater after the flood reflected the increasing impact of gravel pit 
seepage water on backwater chemistry together with a reduction in 
mainstream influence. 
Extensive growths of aquatic macrophytes were present particularly in 
the downstream end of the backwater, up to 150m from the main channel. 
These were dominated by Elodea canadensis, Callitriche and close to 
the mainstream Nuphar lutea. Bankside vegetation was absent from the 
first 150m of the backwater due to bankside clearance. The remainder 
of the backwater was heavily shaded by surrounding vegetation and the 
flora was dominated by Cladophora. Photosynthetic activity by the 
aquatic macrophytes may have been responsible for the observed 
supersaturation of dissolved oxygen in the downstream end of the 
backwater during July and early August. Supersaturation of dissolved 
oxygen was similarly documented by Carrel and Juget (1987) within a 
River Rhone backwater and was attributed to algal and macrophytic 
photosynthesis. In contrast oxygen depletion at the stagnant upstream 
end of the backwater may have been enhanced by the decay of large 
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quantities of organic matter on the backwater bed. Respiratory 
activity, particularly by microorganisms within the sediment may have 
been responsible for oxygen depletion (Carrel, 1986). The combination 
of high plant density, elevated temperatures of 18-zooc and strong 
sunlight may have enhanced rates of photosynthesis and caused the 
increased pH levels recorded in July and August within the backwater 
(Alabaster and Lloyd, 1980). The mainstream vegetation close to the 
backwater mouth was dominated by Sagittaria sagittifolia, Lemna minor 
and Nuphar lutea. These species are generally associated with waters 
of higher chloride and nutrient regimes than those observed in the 
backwater (Haslam, 1978). Statistically significant differences in 
chloride and nutrient regime between the mainstream and backwater were 
recorded and may in part have accounted for the observed floral 
differences (Table 5.5). 
PLEISIOPOTAMON SYSTEMS 
The absence of a permanent connection with the mainstream and the 
consequent decrease in the degree of hydrological connectivity of 
Stanford oxbow with the main channel has resulted in a decrease in the 
influence ~f mainstream flow and quality variations on the 
hydrochemistry of the backwater. Pronounced physicochemical 
differences were recorded within the backwater as well as between the 
oxbow and mainstream over the study period. The magnitude of 
mainstream influence on backwater chemistry was greatest near to the 
connection with the mainstream. 
Backwater levels of the conservative ion chloride did not differ 
significantly from those in the mainstream. However, statistically 
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significant lower levels of orthophosphate and total oxidised 
nitrogen (Table 5.6) were recorded in the backwater between May and 
October. The impact of annexation on the oxbow below a threshold 
discharge of 5.0 m3 s-1 and the effects of inundation of the backwater 
must be considered when attempting to explain the observed 
hydrochemical variations within and between the backwater and the 
mainstream. 
The impact of flooding on the backwater during August and early 
September resulted in the dilution of mainstream solute levels. Close 
to the connection with mainflow backwater chemical concentrations 
approached those in the main channel. But pronounced within backwater 
variations in the levels of some determinands were recorded within the 
backwater during periods of inundation. Total oxidised nitrogen and 
orthophosphate concentrations decreased with increasing distance into 
the backwater and elevated levels of calcium and sulphate were recorded 
(Figures 5.50, 5.51, 5.53 and 5.54). This may indicate that even 
during the relatively high magnitude flood events of up to 30 m3s-l 
recorded during August that the bater retained a semi-independent 
physico-chemical identity. Continuous flow 'through' the oxbow was not 
recorded at high stages and the small size of the connection of the 
backwater with the mainstream may have impeded the complete 
'flushing-out' of the backwater. 
Backwater chloride concentrations displayed a more muted response than 
in the mainstream (Figure 5.52). This further indicated that the oxbow 
was behaving semi-independently from the mainstream as a result of 
decreased hydrological connectivity. Carrel (1986) similarly showed 
the impact of flooding on the physicochemistry of a 
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pleisiopotamic/palaeopotamic floodplain oxbow was only temporary and 
the backwater retained its own semi-independent identity. 
Groundwater and backwater levels of chloride, total oxidised nitrogen 
and orthophosphate were statistically significantly different (Table 
5.6). Providing chloride is a suitable indicator of groundwater then 
these results may indicate that groundwater chemistry had limited 
influence on the physicochemical characteristics of the backwater, 
The decrease in hydrological connectivity between the backwater and the 
mainstream resulted in increased residence times of the water mass held 
within the oxbow. Consequently the temporary trapping of nutrients 
within the backwater may have been expected to facilitate 
biological/biogeochemical uptake mechanisms as postulated by 
Howard-Williams (1985). The marked reduction in total oxidised 
nitrogen below levels that could be accounted for by mainstream 
dilution during flooding, observed in Stanford oxbow may be explained 
by a number of factors. Significant losses of nitrate have previously 
been attributed to bacterial denitrification at the mud/water interface 
(eg Toms et al, 1975). Whilst uptake of nitrate by extensive aquatic 
macrophyte flora within the oxbow may also potentially have contributed 
to the reduction in nitrogen levels (eg Howard-Williams and Downes, 
1984). Exchanges at the sediment/water may also have been responsible 
for decreases in orthophosphate levels. Hayes and Greene (1984) 
showed that soils and sediments subject to intermittent innundation and 
periodic drying out have high phosphate fixation capacities. In 
addition extensive aquatic macrophyte growth as occurred within the 
backwater has been shown to be responsible for phosphate 'retention' in 
flowing and standing waters (eg Hill, 1982). 
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As a result of the decrease in hydrological connectivity part of the 
oxbow dried out during July and October. The elevated backwater levels 
of calcium and sulphate recorded in early August (Figures 5.48, 5.53 
and 5.54) may have reflected the leaching and subsequent flushing of 
soluble material from the keuper marl underlying the site, as a result 
of the inundation of the oxbow after the dry period. Subsequently 
elevated levels of the two determinands were also recorded in the 
groundwater at the site. Broadhead and Mackey (1972) attributed 
elevated groundwater calcium and sulphate levels to the influence of 
keuper marl. Less marked increases in calcium and sulphate levels were 
recorded within the backwater and groundwater after the dry period 
during late September and early October. Particularly low levels of 
sulphate were recorded within the backwater during late June and August 
(Figures 5.48 and 5.54). Carrel and Juget (1987) attributed similar 
reductions in sulphate levels to utilisation by anaerobic sulphate 
reducing bacteria. The marked increase in sulphate levels subsequent 
to inundation of the backwater may additionally have resulted in the 
recirculation of this sulphate as a result of flooding. 
Supersaturation of dissolved oxygen within Stanford backwater may as in 
the Barrow side arm be attributed to the photosynthetic activity of 
aquatic macrophytes and additionally phytoplankton. Although elevated 
temperatures were recorded within the backwater extensive shading by 
bankside vegetation of the backwater between 75m and 150m was reflected 
in lower temperatures occasionally being recorded at these points. 
Carrel (1986) found that minimum and maximum temperatures were 
amplified within the 'Morte du Sauget' oxbow on the River Rhone in 
comparison to mainstream values. A similar situation, although not 
pronounced, was observed within Stanford backwater. 
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PALAEOPOTAMON SYSTEMS 
Both nutrient, chloride and sulphate concentrations showed pronounced 
differences between the mainstream and the shallow palaeopotamic 
backwater at Willington (Figure 5.57). In addition statistically 
significant differences in chloride, sulphate, total oxidised nitrogen 
and orthophosphate were found between the mainstream and the floodplain 
lake (Table 5.7). Levels of all determinands remained stable within 
the backwater over the study period. Ertl (1966) similarly recorded 
stable levels of chloride within two River Danube floodplain lakes. 
The low sulphate and particularly chloride levels within the backwater 
may indicate that exchanges of water with the mainstream were limited 
during the period of summer low flows. Reygrobellet et al (1981) and 
Dole and Chessel (in press) have postulated that in the alluvial plain 
such exchanges of water may or may not occur according to the degree 
and nature of backwater substrate siltation. Similarly at Willington 
'clogging' of the bed by organic material may have impeded exchanges 
between the surface and groundwater. The low chloride and sulphate 
levels may then be a result of flood water of low solute concentration 
being retained within the backwater after inundation by a major flood 
event. Alternatively low solute concentrations may have resulted from 
significant precipitation inputs into the backwater. But the 
similarity of mainstream and backwater chloride, calcium and sulphate 
concentrations when inundation occurred reflects that the former may 
be the case. The lower total oxidised nitrogen levels within the 
backwater were lower than could have been expected from dilution during 
a flood event and may reflect utilisation within the backwater by 
biological and biogeochemical processes. The extensive aquatic 
macrophyte growth recorded within the backwater may have resulted in 
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nutrient utilisation within the backwater (Howard-Williams and Downes, 
1984). In addition exchanges at the sediment/water interface may have 
resulted in denitrification and phosphate sorption (eg Hill, 1981 and 
1982). Willington backwater appeared to behave as a semi-independent 
hydrochemical system from the mainstream during the study period owing 
to its limited hydrological connectivity with the mainstream. 
The importance of the influence of the mainstream flow and quality 
variations on backwater chemistry declined with decreasing hydrological 
connectivity with the mainstream through the transitional sequence from 
eupotamic to palaeopotamic environments. In addition to mainflow 
variations a range of other hydrological, biological and biogeochemical 
factors influenced backwater physicochemistry. 
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7,3 HYDROCHEMICAL VARIATIONS IN BACKWATER AREAS OCCURRING DURING 
RESERVOIR CLEANING OPERATIONS AND NATURAL FLOOD EVENTS ON THE UPPER 
RIVER RHONE AT EVIEU 
The examination of hydrochemical variations occurring in the River 
Rhone backwater at Evieu during reservoir cleaning operations and flood 
conditions indicated as in studies in the Trent basin, that hydrology 
is a dominant control of backwater physicochemistry (Jose, in press). 
The study clearly indicated the importance of rapidly varying flow 
conditions on mixing between backwater environments and the mainstream, 
The study also showed the importance of the floodplain as a 'solute 
source' area. Furthermore the potential value of backwaters as 
ecological refuges was illustrated, The.deleterious hydrochemical 
impacts of previous cleaning operations (Roux, 1984) were largely 
avoided within backwaters in the Bregnier-Cordon reach. This was in 
part as a result of torrential rainfall which caused extensive flooding 
and inundation of the Upper Rhone catchment during the period when 
release operations were undertaken. 
Prior to the passage of the sediment laden reservoir release wave on 
14th June, mainstream and backwater quality was largely similar, 
although mainstream turbidity levels were greater. It is probable that 
increased mixing between the mainstream and backwater as a result of 
flood conditions resulted in the similarity of solute levels between 
the two water masses, Similarly flooding on the River Soar at Barrow 
during late May 1986 resulted in hydrochemical conditions in the 
backwater reflecting those in the mainstream. Both cases clearly 
illustrate the dominant control of hydrology on backwater chemistry 
during flood flows. 
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River level decreased 1.4m between the lOth of June and 14th of June 
prior to the arrival of the reservoir release water. Marked increases 
in conductivity, silica, calcium hardness and carbon levels within the 
backwater but not in the mainflow (Figures 6.5 and 6.6) were associated 
with the decrease in mainstream discharge. These increases can be 
explained by the drainage of 'solute enriched' flood water from the 
floodplain via the backwater system. This situation may be compared 
with the flushing of soluble material from the floodplain at Stanford 
on the River Soar which resulted in elevated calcium levels within the 
backwater. Seddell and Richey (1986) found particulate detritus 
entrained from lowland floodplains in high floods was a significant 
source of carbon. Whilst Hayes and Greene (1984) showed marked organic 
carbon releases occurred from newly flooded soils. The occurrence of a 
clear felled area of riparian land adjacent to the backwater may be 
implicated as a potential source of carbon and other solutes. 
The passage of sediment laden reservoir release water at Evieu was 
indicated by increased mainflow turbidity observed during the second 
sampling survey at 1600 hours on the 14th of June. Turbidity rose from 
120 NTUs at 1100 - 1200 hours and to 280 NTUs at 1600 hours. Lower 
river flows appeared to reduce the degree of mixing between the 
mainflow and the backwater on the 14th and 15th of June and the high 
turbidity levels observed in the mainflow were not reflected in 
backwater levels (Figures 6.5 and 6.9). Hardness, conductivity, silica 
and carbon levels within the backwater remained high compared to those 
in the mainflow on the 15th of June, with continued flow from the 
floodplain via the backwater to the main channel. Elevated backwater 
carbon levels on the 16th of June peaked at 75m and then declined 
(Figure 6.5 and 6.10). Field observations revealed that flow into the 
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backwater was no longer influenced by flow from the whole of the 
immediate floodplain area but via a side channel 80-90m from the 
mainflow into the backwater. This may account for the lower carbon 
levels 150m and 250m into the backwater with higher carbon content flow 
from the side channel not mixing into these areas further into the 
backwater. 
Increased flows between the 15th and 17th of June had a significant 
impact on the backwater. In addition to flooding in the Guiers 
tributary (Figure 6.2) on the 16th of June it appears that mainstream 
floodwater was allowed into the 'natural' anastomosed section of the 
River Rhone at Cuchet by opening the dam at the head of the bypass 
section. The rise in mainstream turbidity of 140 NTUs accompanied a 
river level rise of almost O.Sm in less than two hours (Figure 6.13). 
The impact of this was to rapidly increase turbidity levels from less 
than lOO NTUs to approximately 200 NTUs within the backwater (Figure 
6.14). This resulted in marked distress of fish which had sought 
refuge within the backwater from high suspended sediment 
concentrations, which had previously been limited to the mainstream. 
The movement of the sediment laden water into the backwater may be seen 
in Figure 6.4. This flushing out of the parapotamic backwater also 
resulted in the decline in calcium levels within the backwater, 
reflecting the dominance of mainstream flow with low hardness levels 
(Figure 6.14 (b)). In Figure 6.14 (c) the increase in mixing as a 
result of increased flows between the mainstream and backwater is 
indicated by the progressive decline in backwater hardness levels 
between the 14th and 17th of June. Sulphate levels fell in the 
mainstream on the 16th possibly as a result of dilution by floodwater. 
Backwater sulphate levels were similar to those observed in the 
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mainstream as a result of the increased mixing between the two water 
masses (Figure 6.5 and 6.8). 
After the 17th of June mainstream turbidity levels decreased (Figures 
6.5 and 6.9) accompanied by a slight decrease in river level. This may 
have reflected a reduction in suspended sediment availability after the 
passage of the main release wave. The increase in the influence of 
mainstream flow on the backwater was reflected in a decrease of siltca, 
conductivity and hardness levels within the side arm, which approached 
those in the mainstream on the 17th of June, Subsequently as a result 
of continued high flows the levels of these three determinands remained 
similar in the mainstream and backwater (Figures 6.7 and 6.8). The 
decrease in turbidity within the backwater on the 18th of June (Figure 
6.9) was a result of the settling out of suspended material and the 
reduction in mainstream influence as a result of a slight decrease in 
discharge. Thus whilst main channel turbidity declined between the 
17th and 19th of June it increased dramatically on the 20th of June to 
over 300 NTU. This increase was not recorded within the backwater. 
This mainstream elevation in turbidity may have been attributable to 
either the resuspension of release derived sediment caused by increased 
flow; by tributary derived material or thirdly by a further release of 
reservoir derived sediment. 
The recorded mainstream and backwater levels of dissolved oxygen did 
not fall below 80% saturation, nor did observed ammonia levels (NH4+) 
rise above 1.0 mgl-1 (Figure 6.11). Consequently the catastrophic 
impact of, for example, the 1978 cleaning operations (Roux, 1984) on 
dissolved oxygen and ammonia concentrations did not appear to have 
occurred at the Evieu backwater, 
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The concurrent occurrence of declining mainstream flows and the initial 
passage of the sediment laden release wave on the 14th of June resulted 
in a lack of mixing between the mainstream and the parapotamic 
backwater at Evieu. As a result turbidity levels (and hence suspended 
sediment concentrations) remained well below those in the mainstream 
until the 16th of June. Consequently the backwater was able to act as 
a refuge for fishes which would have been almost certain to die as a 
result of the high suspended sediment concentrations and velocities 
experienced in the mainstream (Carrel, per comm, 1987). Examination of 
backwater physicochemistry during these low flows also clearly 
indicated the importance of the floodplain as a 'solute-source' area as 
found by Sedell and Richey (1986). 
The combination of tributary flooding and the release of sediment laden 
water into the bypass section of the river on the 16th of June resulted 
in the almost instantaneous flushing out of the backwater with the 
result that the chemical character of the backwater reflected that of 
the mainstream. Although no fish deaths were observed it was clear 
that the role of the backwater as a refuge may have been negated had 
the anoxic conditions occurred which had previously been encountered 
(Roux, 1980; and Carrel, 1986). The importance of backwater areas as 
ecological refuges during reservoir cleaning operations cannot be 
under-estimated and future operations must take into account the 
potential hydrological conditions which may be encountered within the 
catchment when planning such operations. 
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7.4 SUMMARY 
Examination of the water quality characteristics of backwaters in the 
River Trent basin and River Rhone catchment have indicated that 
hydrology is a dominant control of backwater physicochemistry. Both 
studies showed how the hydrological regime of the mainstream may modify 
the physical and chemical conditions of floodplain backwaters. Studies 
in the Trent catchment showed the importance of the influence of 
mainstream flow and quality variations on backwater hydrochemistry 
appeared to decline through the transitional sequence from eupotamon to 
parapotamon environments. This was a result of the decrease in 
hydrological connectivity between the mainstream and backwater 
environments. In addition though to mainflow variations other 
hydrological factors may influence backwater hydrodynamics (Figure 
7.4). Discrimination between and quantification of these influences on 
different backwater types will ultimately be required for a full 
understanding of the physicochemistry of backwater environments. 
Previous studies on the River Rhone, France (eg Reygrobellet et al, 
1981) showed it was possible to discriminate using two abiotic 
indicators between two water types; sulphate rich mainstream water and 
bicarbonate rich groundwater, and to assess their degree of mixing 
within backwaters. However, studies during the reservoir cleaning 
operations showed sulphate levels varied little between the mainstream 
and backwater. Turbidity provided a readily visible alternative 
indicator of the mainstream influence on the backwater. Calcium 
hardness provided a second suitable abiotic indicator, which was used 
to assess the degree of mixing between the mainstream and backwater. 
Mainstream water exhibited 'low' hardness levels whilst floodplain 
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derived surface and groundwater was calcium enriched. In contrast the 
situation within the Trent basin was more complex. Chloride provided 
the only potentially suitable abiotic indicator displaying low 
concentrations in groundwater and higher concentrations in the 
mainstream. Chloride was found to dilute markedly at higher flows and 
mainstream concentrations during flood events were similar to those 
found in floodplain groundwater, potentially making it difficult to 
discern with certainty between groundwater and mainstream flow. Due to 
the close proximity of backwaters to the mainstream in the River Trent 
basin floodplain groundwater chloride concentrations may in part simply 
have been a reflection of river recharge under higher flow conditions. 
Consequently the use of the concept of abiotic indicators to examine 
mixing between backwaters and the mainstream may be of limited value 
within the River Trent system. Clearly further study is required to 
determine the influence of flood events on backwater environments and 
floodplain groundwater dynamics. 
Data presented for the River Trent basin have indicated that 
particularly during the period of summer low flows that nutrient levels 
within some backwater areas were influenced by increased retention 
times. Hill (1982) found the longer the retention period in the 
storage zone (ie backwater) the more likely nutrient levels were to be 
influenced by biological and biogeochemical processes. The range of 
influences potentially encountered within this study on backwater 
nutrient dynamics are summarised with reference to orthophosphate in 
Figure 7.5. The relative impact of these factors on backwater 
hydrochemistry would be expected to differ according to the individual 
characteristics and type of backwater examined. 
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As in previous French studies on the Upper Rhone (Roux et al, 1982) 
absolute differentiation between the four functional units in terms of 
solute concentration characteristics was not achieved. It was possible 
though within the River Trent basin using chloride, orthophosphate and 
total oxidised nitrogen to establish a generalised typology of 
permanent waters within the alluvial plain (Table 7.1). 
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Table 7.1 A preliminary typology of permanent floodplain water bodies within the River Trent basin based upon water chemistry 
r 
I FUNCTIONAL UNIT 
I 
I 
I EUPOTAMON 
I (Running water system) 
I 
PARAPOTAMON 
(Permanent connection with 
mainstream - semistagnant) 
Type (a) Small size/large degree 
of hydrological connectivity 
with mainstream 
Type {b) Large in size/reduction 
in degree of hydrological 
connectivity with mainstream 
I PLEISIOPOTAMON 
I (No permanent contact to the 
I Relationship of hydrochemical indicators 
I between mainstream and floodplain 
I backwater environments 
I 
I TON ) Concentration/discharge 
I P04P) relationships - same in 
I Cl ) both environments 
I 
I 
I 
I 
I TON ) 
I P04P) 
I Cl ) 
I 
I TON ) 
I P04P) 
I > 
I 
I 
I 
Concentration/discharge 
relationships similar in 
both environments 
Observed concentration/discharge 
relationships may differ 
markedly between water masses. 
I ) Displays noted variability 
I ) within backwater areas. 
I Cl) But concentrations generally 
I ) similar to main flow in backwater. 
I 
I 
I 
I TON ) 
I mainflow but highly influenced 
I river discharge) 
by I P04P ) 
I > 
Distinct differences 
in concentration 
between mainstream and 
backwaters. I 
I 
r 
I 
. I 
I 
I 
I 
I 
I PALAIOPOTAMON 
I (Not connected; only mildly 
I influenced by river discharge) 
I 
I 
I 
I 
I > 
I 
I 
I 
I Cl 
I 
I 
I 
I 
I 
) Displays mu~ed 
) variability within 
) backwater areas. Back-
) 
) 
) 
water concentrations 
may be similar or lower 
to those in mainstream. 
I TON ) All 3 determinands show 
I P04P ) lower concentrations 
I Cl ) within backwaters than 
I ) mainstream. 
I 
I 
COMMENTS 
I No statistically significant differences between ma-instream and 
I concentrations. 
backwated 
I 
Short residence time for nutrients within backwater environments (No 
statistically significant differences between mainstream and backwater 
concentrations). 
I 
Longer residence time for nutrients within backwater; nutrient 
utilisation may result in reductions in P04P and TON concentrations 
within backwater, particularly under summer low flow conditions. 
Backwater TON and P04P concentrations may differ significantly from 
I mainstream. 
I 
I 
I 
I An indication that the backwater retains a degree of its own I 
I hydrochemical identity due to a reduction in mixing with mainstream, I 
I under low flow conditions. Cl concentrations not significantly different! 
I from mainstream. I 
I I 
I I 
I - .. I Differences discernable between backwaters and mainstream concentrations 
I throughout year; with lower nutrient concentrations in backwaters. 
I Impact of flooding on backwater physicochemistry only temporary. 
I B·ackwater retains own semi independent identity. Backwater TON and P04P 
I concentrations differ significantly from those in mainstream. Backwater 
I Cl concentrations may differ significantly from mainstream values. 
I 
I 
I 
I 
I 
I 
I I 
I Concentrations of all 3 determinands differ significantly between the twcl 
I environments. I 
I I 
I I 
I I 
I I 
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CHAPTER 8 
CONCLUSIONS: 
LONG TERM CHANGES AND THEIR IMPLICATIONS FOR BACKWATER HYDROCHEHISTRY 
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An integrated study of the physicochemistry and hydrology of backwaters 
and dead zones has been presented. Whilst previous British Studies on 
river hydrochemistry have tended to view the mainstream in isolation 
this study has viewed the fluvial hydrosystem as a whole. Such an 
integrated approach is essential for the development of a complete 
understanding of the physical, chemical and ultimately ecological 
functioning of alluvial floodplain systems. Such studies must also be 
viewed in a historical perspective, as European rivers have been 
subject to a dramatic range of anthropogenic influences (eg river 
regulation and pollution). In order to understand the present 
functioning of floodplain systems these changes which have had a long 
term impact on rivers must also be considered. This chapter draws 
together the main conclusions of this study and examines the impact of 
anthropogenic changes with long term implications for backwater 
hydrochemistry. Particular reference is made to the effluent impacted, 
intensively engineered Trent catchment. 
Data presented for reservoir releases to upland channels in Wales 
clearly confirmed the role of dead zones as inchannel solute sources as 
previously postulated by Foulger (1986). It may also be concluded that 
attempts to account for variations in chemograph response should 
consider the potentially significant influence of dead zone derived 
solutes. Pilot investigations also showed the dead zone or backwater 
component could be identified at a range of scales in lowland channels 
in terms of solute variations at a cross-section. 
The influence of mainstream flow and quality variations on the 
hydrochemical dynamics of backwater environments was shown to depend 
upon the size, geometry, degree of hydrological connectivity with the 
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mainflow and the magnitude and duration of flow fluctuations. It may 
be concluded that the influence of mainstream flow and quality 
variations on backwater hydrochemistry declined through the 
transitional sequence from eupotamon to parapotamon environments. This 
was in part a result of the progressive decline in hydrological 
connectivity between the mainstream and backwater environments. As 
observed in the Trent basin studies on the River Rhone indicated 
mainstream hydrological conditions were a dominant control of backwater 
physicochemistry under flood conditions. The River Rhone floodplain at 
Evieu was an important solute source area. Furthermore the study 
illustrated the importance of backwaters as ecological refuges for fish 
during adverse flow conditions and critical periods of water quality. 
During summer low flows a reduction in the magnitude of the mainstream 
influence of the River Trent on some backwater environments enabled 
them to behave as semi-independent systems. Nutrient levels in these 
backwaters appeared to be influenced by biological and biogeochemical 
processes as a result of increased retention times. Thus it may be 
concluded that backwater chemistry is determined by a varying 
combination of hydrological, biological and biogeochemical factors. As 
a result of this it was possible to develop the generalised typology of 
permanent floodplain environments based upon water chemistry. 
It has been an aim of this study to consider the riverine system within 
the context of a continuum from the main channel to aquatic and 
semi-aquatic floodplain environments. In lowland Britain river 
engineering works to serve the needs of land drainage, navigation etc, 
have resulted in the destruction of backwater environments or their 
isolation from the mainstream. The backwaters studied herein in the 
Trent basin representing the last vestiges of these former floodplain 
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environments. In addition other anthropogenic impacts on the 
environment as a result of intensification of agriculture and 
urbanisation have significantly impacted river hydrochemistry. Such 
impacts have considerable implications for backwater hydrochemistry and 
consequently riverine ecology. Consequently the impact of changes in 
water quality (particularly rising nitrate levels) on backwater 
hydrochemistry and the significance of river regulation on lowland 
fluvial hydrosystems have been assessed within this context. 
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8,1 LONG TERM NITRATE CONCENTRATION AND LOAD TRENDS WITHIN THE RIVER 
TRENT BASIN 
The data presented for the River Trent basin indicate that, as in 
rivers draining other areas of the United Kingdom, upward trends in 
both nitrate concentration and load are evident. The long term nitrate 
concentration trends described herein (Table 4.4) are similar to those 
estimated in the "Nitrate Co-ordination Group" (1986) study for rivers 
within the southern and Midlands areas of England (Table 2.2). 
However, the highest rates of increase within the Trent basin are 
exceeded by those for rivers draining agricultural areas of eastern 
England (Warn and Page, 1984; Nitrate Co-ordination Group, 1986). 
Similar rates characterise the large rivers of Western Europe. The 
River Rhine at Lobith, near to the Netherlands border, has shown a rate 
of increase of 0.15 mgl-1 N yr-1 (Dykzeul, 1982) but this reflects 
massive dilution of highly nitrate loaded discharges from lowland 
tributaries by glacial melwater from Alpine headwater streams, 
The data presented herein for the River Trent basin indicate that there 
is a distinct contrast between the rate of nitrate concentration 
increase in the urbanised and rural sub-catchments. In the Soar 
Valley, for example, continuing industrial-urban development has 
resulted in the need to provide additional effluent treatment capacity 
for the city of Leicester. Although the magnitude of increases are 
uncertain it is predicted (Upton and Brewin, 1986) that dry weather 
effluent flows will increase to 120 Mld-1 (1.39 m3s-l) in 1996 from 
present 1986 levels of 102 Mld-1 (1.18 m3s-l), Such urban expansion 
may ultimately result in increased nitrate concentrations and loadings 
in the river. As approximately 60% of the dry weather flow of the 
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River Soar at Kegworth/Red Hill Lock is effluent derived, it is 
probable that much of the nitrate increase is a result of increased 
effluent inputs. Prior to 1974 few data are available to quantify the 
magnitude of effluent and agricultural inputs to the basin. After 1974 
records are available of quantity and quality of industrial and sewage 
effluent discharges, but these relate to individual discharges and 
summary data for the rivers studied are not available in readily usable 
format for individual catchments. Consequently, it is not possible at 
present to quantify the relative impacts of sewage effluent, industrial 
effluent and agricultural fertilisers on the increasing nitrate 
concentrations. 
The trend in nitrate load for the River Trent at Nottingham (Figure 
4.23) represents an increase of 3.7% yr-1. In comparison, nitrate load 
trends for four Danish rivers, draining predominantly agricultural 
catchments with drainage areas of between 300 and 1.300 km2 showed 
increases of between 0.9% yr-1 and 5.4% yr-1 (Hagebro et al, 1983). 
Solute behaviour at Nottingham is influenced by aggregation and 
transmission processes. The slope of the nitrate-discharge rating 
relationship shown in Figure 3.21 shows that the variation of 
concentration with discharge is small. Downstream aggregation effects 
of solute response may result in a reduction in concentration 
variability with discharge, hence in part accounting for a similar 
loading values obtained by the two methods in Figure 4.23. A flow 
weighted mean interval method of load calculation, in view of the low 
negative slope of the nitrate rating, probably provides the best 
available estimate of nitrate loads calculable from irregular data of 
variable sampling frequency for lowland rivers. The N03N loading 
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derived from the oxidation of ammonia (ie via nitrification) may have 
been expected to decline with the reduction in NH4N levels (Figure 
8.1) in the River Trent, as a result of a decline in the number of gas 
liquor effluents which were discharged into the river from the mid 
1960s. From Figure 4.23 it is apparent that there is still a 
significant rising trend in nitrate load over the period of record. 
Increased volumes of effluent entering the basin may be implicated as 
the cause of the upward trend together with increased losses of nitrate 
from agricultural land resulting from increased nitrate fertiliser 
application and leaching. Lester (1971) projected that the ratio of 
river flow to effluent at Trent Bridge, Nottingham under dry weather 
flow conditions would rise from a 1965 ratio of 2.5:1 to a predicted 
ratio of 1.6:1 in 2001; this has already been exceeded. Increased 
effluent loading has contributed significantly since 1965 to increased 
nitrate concentrations within the Trent basin. 
Present policy of restricting nitrate concentrations in public supplies 
to below the 11.3 mgl-1 N EC Directive level would have little impact 
on future abstractions for potable supply from Monk's Bridge on the 
River Dove and at Little Eaton (close to St Mary's Bridge) on the River 
Derwent. Changes in agricultural policy, industrial-urban development 
and advances in sewage treatment will influence future trends in 
nitrate concentrations and loadings. The application of restrictions 
on fertiliser-usage in agricultural areas have been investigated in 
order to reduce nitrate leaching (Nitrate Co-ordination Group, 1986); 
following legislation in the Netherlands and Denmark. But other 
options were also considered by the study including restrictions on 
land use in sensitive areas. Future potential changes in agricultural 
land use may have significant effects on river nitrate levels within 
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Figure 8.1 Long term ammoniacal nitrogen (NH4N) trend, Trent Bridge, 
Nottingham, River Trent. 
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these areas. Current estimates indicate that 1-5 million ha of 
agricultural land in the UK is surplus to production requirements and 
will be subject to major changes in management by the year 2000 (Heal, 
1987). The influence of predicted intensification of agriculture on 
smaller areas of land with consequent increased fertiliser applications 
will have to be investigated if future nitrate trends are to be 
forecast. In addition, processes exist for biological denitrification 
of sewage effluent and water for potable supply. But the installation 
of denitrification processing plants may be prohibitive because of cost 
constraints. 
Denitrification of soilwater during its passage through riparian 
woodland in the Garonne basin, France has resulted in a reduction of 
river nitrate levels (Decamps, 1987). If predicted support to increase 
deciduous forest in lowland areas (Heal, 1987) materialises then the 
potential of using a narrow riparian woodland strip to reduce nitrate 
pollution from agricultural sources in rivers within the Trent basin 
should be considered. 
The River Trent catchment is heavily impacted by sewage and industrial 
effluents, and agricultural inputs. Although downstream aggregation of 
solute response has resulted in the less pronounced positive nitrate 
concentration trend for Nottingham, than in the urbanised tributaries, 
future trends in nitrate loadings will depend particularly upon the 
implementation of advanced sewage treatment techniques, changes in 
agricultural policy and industrial - urban development. 
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8.2 THE IMPACT OF ELEVATED NITRATE LEVELS ON THE HYDROCHEMICAL 
DYNAMICS AND ECOLOGY OF BACKWATER ENVIRONMENTS 
Upward trends in both nitrate concentrations and loads are evident 
within the River Trent basin (Jose, in press). The impact of nutrient 
enrichment on freshwater systems may be pronounced resulting in the 
eutrophication of water bodies (eg Lund, 1980). Linfield (1987) states 
the impact of eutrophication on fisheries is difficult to gauge in 
precise terms, but that it was generally deleterious if it was 
extensive enough to cause changes in the habitat and availability of 
organisms serving as food sources. Nutrient enrichment may result from 
several sources. These include agricultural fertilisers leaching into 
water courses from diffuse sources, sewage and industrial effluents 
from discrete point sources and accidental spillages of silage liquor 
and slurries, all of which can be detrimental to riverine ecology in 
the long or short term. Already eutrophication primarily as a 
consequence of increased agricultural fertiliser inputs has occurred in 
the Norfolk Broads and has resulted in the decline of aquatic 
macrophyte communities and their replacement with extensive 
phytoplankton populations (Moss, 1987). A lack of macrophyte refuges 
for phytoplankton grazing zooplankton has resulted in their increased 
predation by fish species and consequently resulted in the observed 
change of community structure. The ultimate impact being the decline 
of fish populations. Many of the Broads essentially appear to behave 
physicochemically as large 'parapotamic' backwaters with long residence 
times under low flow conditions. A situation comparable to that of 
Shardlow mariha on the River Trent. 
Ecologically for fish backwaters essentially have a dual role, firstly 
as breeding habitats and secondly as refuges during strong floods or 
305 
PT3AAD 
periods of high pollution (eg Holcik and Bastl, 1976; Halyk and Balon, 
1983). To act as refuges from pollution incidents particularly under 
low flow conditions backwaters must be in permanent contact with the 
mainstream to allow the movement of fish from the effects of the 
polluting discharge. Additionally the rate of mixing with the 
mainstream must be insufficient (or the backwater large enough) to 
prevent the water mass within the backwater being influenced by the 
pollution episode. This will depend upon the duration of the offending 
discharge, the magnitude and geometry of the backwater and the nature 
of mainstream flow fluctuations. The above together influencing the 
degree of hydrological connectivity between the two water masses. 
Consequently some River Trent basin backwaters with longer residence 
times (eg Shardlow) may be more effective refuges against pollution 
incidents than the Beeston side arm which was continuously well mixed 
with the mainstream. However, during summer low flows in the effluent 
impacted River Trent elevated nutrient levels in Shardlow backwater 
resulted in the proliferation of phytoplankton as a result of the 
increased retention period. The elevated pH levels and dissolved 
oxygen depletion associated with such algal blooms have been shown to 
be deleterious to fish (Alabaster and Lloyd, 1980). The impact of the 
observed pH levels up to pH 10.3 recorded in July in Shardlow backwater 
is evident when one considers the minimum lethal toxicity values for 
different fish species (perch, pH 9.2; roach, pH 10.4), (Alabaster and 
Lloyd, 1980). Studies on the River Rhine has shown that increased pH 
levels in association with phytoplankton blooms have resulted in 
juvenile fish mortality (Kieckhofer, 1978; and Schroder, 1979). 
Consequently with increasing numbers of 'accidental' point source 
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agricultural pollution incidents on one hand and increased nutrient 
loadings resulting from diffuse sources on the other one is faced with 
a dilemma, The impact of point source polluting discharges of slurry or 
silage under summer low flow conditions on effluent impacted lowland 
rivers could have catastrophic effects. Fish which could have formerly 
sought refuge in the already rare parapotamic backwaters may be unable 
to do so because of the adverse conditions encountered within them 
resulting from phytoplankton blooms, 
To compound the above dilemma the middle and lower reaches of the River 
Trent are impacted by thermal pollution from a series of power stations 
(Walling and Webb, 1981). Within this study temperatures of 
up to 27.JOC were recorded in Shardlow backwater during July 1986. 
Mainstream temperatures of 34oc have been recorded downstream of 
Willington power station (A Taylor and A Roe, per comm). Furthermore 
the middle and lower reaches of the River Trent are impounded by a 
succession of weirs which under low flow conditions may increase water 
residence times. 
The synergistic effects of elevated temperatures, summer low flows, 
increased mainstream and backwater residence times and high nutrient 
levels in the River Trent may have profound ecological consequences. 
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8.3 THE IMPACT OF RIVER REGULATION ON BACKWATER ENVIRONMENTS WITHIN 
LOWLAND EFFLUENT IMPACTED RIVERS 
In addition to the insidious effects of nutrient enrichment/ 
eutrophication on backwater environments the impact of channelization 
and flow regulation on backwater environments has been immense. The 
Trent basin has been subject to a long series of engineering works, 
concerned particularly with land drainage and flood prevention 
(Brookes, 1985). Such schemes have not only resulted in the 
destruction or loss of backwater environments but also affected the 
natural hydrological relationship between the main river and its 
remaining backwaters. River channelization may take several forms. 
Resectioning (which includes widening or deepening of river channels) 
increases the conveying capacity of the channel cross-section so that 
water which would have previously spread onto the floodplain is 
contained. The construction of embankments increases the capacity of 
the channel to confine high flows. Flow regulation results in the 
replacement of natural flow fluctuations by artificial flow conditions. 
The influence of flow regulation on the chemistry of backwater 
environments depends upon a combination of the physicochemical changes 
induced by impoundment itself and the impact of the regulatory 
operational procedure adopted on the degree of hydrological 
connectivity between the mainstream and floodplain backwaters. 
In view of the scale of the impact of anthropogenic regulatory schemes 
it is appropriate to consider the hypothetical impact of different 
regulatory activities on main-channel/backwater hydrochemical 
inter-relations within effluent impacted lowland rivers. The impact of 
channelization and the replacement of natural flow regimes by a range 
of operational procedures are considered in Table 8.1. 
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Table 8.1 Hypothetical impact of different regulatory strategies on main-channel/backwater hydrochemical interwrelationships within effluent 
impacted lowland rivers 
REGULATORY ACTIVITY HYDROLOGICAL IMPACT ON BACKWATERS 
lA 
I 
11. 
I 
CHANNELIZATION I Potential total loss of hydrological connectivity with mainstream 
I except in extreme flood events above design criteria of embankment. 
Construction of embankments I 
I 
I 
I 2. Re sectioning 
I 
I 
I 
I 
I 
I 
I B FLOW REGULATION 
1. Compensatory Low Flows 
I 2 Elimination of peak flows 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I Loss of eupotamon, parapotamon and pleisiopotamon environments; 
I and replacement by palaeopotamon/temporary forms. 
I 
I Potential loss of hydrological connectivity with mainstream. 
I 
I Lowering of water table where channel deepening occurs. 
I 
I Potential loss of some backwater environments OR replacement by 
I palaeopotamon/temporary forms. 
I 
Reduction of mainstream influence on eupotamon and parapotamon 
environments (ie loss of flushing ability). 
Loss of connection with mainstream for some parapotamon and 
pleisiopotamon backwaters, with replacement by 
palaeopotamon/temporary forms. Palaeopotamon forms dominated by 
groundwater recharge. 
I Flow fluctuations retained but reduction in flushing ability of 
I mainstream. 
I 
I Potential loss of some pleisiopotamon backwaters, with replacement 
I by palaeopotamon/temporary forms. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
PHYSICOCHEMICAL IMPACT ON BACKWATERS 
I Reduced renewal of nutrients from mainstream.! 
I 
I Chemistry governed by river/groundwater 
I recharge/precipitation inputs. 
I 
I 
11 11 11 
I Physicochemistry of water modified by 
I impoundment. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I Potential increased impact of 
I pollution incidents with loss 
I dilute pollutant discharges. 
point source I 
of capacity to I 
I 
I Potential increase 
I concentrations due 
I dilution. 
in mainstream nutrient 
to reduced mainstream 
I 
I 
I 
I 
(But reduction in sediment associated 
transport of nutrients). 
I Consequent problems with proliferation of 
I phytoplankton in mainstream, eupotamon and 
I parapotamon environments. 
I 
Eupotamon backwaters continue to reflect 
mainflow chemistry. 
Increased retention time of nutrients in 
larger parapotamon backwaters due to 
reduction in mixing. 
Reduction in renewal of nutrients to 
pleisiopotamon forms by flooding. 
No further renewal of nutrients to 
palaeopotamon by flooding. 
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8.4 OVERVIEW 
Research on water quality dynamics of alluvial floodplain systems in 
Britain and France has highlighted the following key points: 
Variations in backwater quality are a function of: 
(1) The magnitude and frequency of mainstream flow fluctuations 
and associated quality fluctuations; 
(2) the size and geometry of the backwater; 
(3) the degree of hydrological connectivity between the backwater 
and the main channel (the degree of mainflow influence 
declines with decreased connectivity); 
(4) Groundwater exchanges, biological (eg denitrification) and 
biogeochemical processes (eg sorption onto sediments). 
Studies in upland Wales and the Rhone catchment, France have 
illustrated the role of dead zones and backwaters as solute 
source/storage areas. The examination of hydrochemical variations in 
R Rhone backwaters during reservoir cleaning operations further 
indicated the dominant hydrological control on backwater chemistry. 
Data presented for the R Trent basin demonstrate upward trends in 
both nitrate concentration and loads. Rates of increase in nitrate 
concentration were markedly greater in urbanised than rural 
subcatchments. Rates of increase in concentration of 0.06 mgl-1 N yr-1 
were typical of the rural catchments, whilst rates of up to 0.20 mgl-1 
N yr-1 were recorded in the urbanised tributaries. 
The impact of nutrient enrichment on riverine systems whether from 
agricultural sources or sewage effluent can be detrimental to riverine 
ecology. Eutrophication ~f back~ater environments, which act as 
spawning or nursery areas for fish, results in the decline of aquatic 
macrophytes and their replacement by extensive phytoplankton 
communities. Algal blooms result in elevated pH levels and dissolved 
oxygen depletion and consequently may be deleterious to fish especially 
juveniles. 
In addition channelization and flow regulation have an immense impact 
on the chemistry and ecology of backwater environments. Channelization 
results in the loss of backwaters in continuous contact with the main 
channel which are decisive for the maintenance of fish populations, 
acting as refuges during floods and periods of pollution. Furthermore 
the loss of hydrological connectivity of backwaters with the main 
channel, results in the chemistry of remaining palaeopotamic forms 
being predominantly governed by groundwater recharge. The impact of 
flow regulation depends upon the regulation strategy adopted. In 
addition to reducing the degree of mainstream influence on backwater 
habitats, flow regulation results in the modification of the chemical 
characteristics of the mainflow itself as a result of impoundment. 
Within effluent impacted rivers such strategies result in an increase 
in mainstream nutrient concentrations due to reduced mainstream 
dilution. This consequently leads to the proliferation of 
phytoplankton in the mainflow and backwater environments as a result of 
increased retention times. 
In view of the dramatic impact of anthropogenic changes on lowland 
alluvial river corridor environments attempts at ecological management 
and conservation of these habitats will be seen as a compromise with 
needs for land drainage and agriculture etc. In the future efforts 
. __________________________________ ........ 
should continue to be made to reduce nutrient levels within effluent 
impacted lowland river systems such as the Trent catchment in order to 
reduce the effects of eutrophication, However, it is clear that as a 
result of high sewage and industrial effluent loadings that to 
undertake such measures may be prohibitive as a result of cost 
constraints, Clearly the problem of eutrophication in parapotamic 
backwaters (which being in permanent contact with the mainflow are 
particularly important fish refuges) is a difficult one. One solution 
may be to create artificial backwaters in permanent connection with the 
mainstream that are fed by groundwater or lake water low in nutrients. 
The backwater at Barrow Upon Soar providing such an example which is 
able to mimic the functions of a natural backwater without the problems 
associated with serious algal blooms. Secondly it should be possible 
to model the critical size of backwaters with residence times short 
enough to prevent the build up of algal blooms, yet able to provide 
protection to fish during short periods of critical water quality. ' 
Lelek (1986) recommended that conservation measures should be guided to 
re-establish the hydrological functioning of the floodplain system, He 
recommended that all backwaters both natural ones which were naturally 
cut off or isolated by channelization works and artificial water bodies 
(gravel or sand pits) should be artificially re-connected to the 
mainstream. 
The dynamic variability of river channel form and process controls 
ecological diversity within the fluvial hydrosystem. Consequently 
there is a requirement for integrated, hydro-geomorphological and 
ecological studies of backwater areas in effluent impacted British 
lowland rivers. Such studies would enable the development of a fuller 
understanding of the functioning of floodplain systems and assist in 
the development of a holistic management framework for these 
environments, But in order to fulfil this objective backwater 
environments which are particularly vulnerable to anthropogenic 
'improvements' (eg channelization) must be conserved. 
' 
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APPENDIX 1 
OPERATION OF CHEMLAB AUTOANALYSER 
(1) Refer to appropriate method sheets and make up reagents and 
standards as required. 
(2) Remove sampling probe from casing by unscrewing black plastic 
support. Clean probe to remove internal dirt with fine wire. 
(3) Connect tubing from cartridge(s) to sampler and colorimeter as 
shown in flow diagrams on method sheet(s). If more than one cartridge 
is used fit stream splitter and attach sample lines. 
NOTE: Ensure only one set of sample wash/waste tubing (ie 1.40 
blue-yellow and 3.90 purple-white tubing) is fitted. 
(4) Ensure a membrane is fitted to each dialyser and they are not 
damaged. 
(5) Ensure all tubing joints fit tightly. 
(6) Switch on at the mains the following equipment:-
(a) Printers 
Rikadenki; R-OX (ensure chart drive button is in 'off' 
position). 
- W + W Tarkan (ensure that power dial is in 'off' position). 
(b) Data Analyser (Figure 3.25) 
- Switch on using white button at front LHS. 
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(c) Colorimeter (Figure 3.24(b)) 
Turn on using switch on top of instrument. Ensure bulb is 
lit. Insert appropriate filters (Figure A.l). 
(d) If cartridge has temperature regulator (eg orthophosphate) 
attach 7 pinned mating plug, but do not turn on until 
water/reagents are passing through the cartridge. 
(e) Peristaltic pumps (Figure 3.23(a)) 
- Ensure platen is upright; switch on to standby. 
(f) Turntable 
-Ensure autostop facility placed on 'out' setting and dwell 
setting is in 'off' position. 
(7) Stretch pump tubing until taut between two sets of pins on top of 
peristaltic pump(s). 
Place tubes marked 'waste' into suitable receptacles. Place reagent 
tubes into beakers containing deionised water with lml 1-1 brij 
solution. (1 ml 1-l aerosol 22 for orthophosphate cartridge). Flush 
cartridge(s) and colorimeter module flow cells through for 30 minutes. 
Pump platen should be closed in the horizontal position, pressing on 
the pump tubes, with the latch fastened securely. The switch should be 
in the 'normal position'. After five minutes check bubble pattern is 
regular. 
(8) Meanwhile ensure enough printer paper is fitted to both printers. 
When/if red line appears on paper replace it with a new roll. To 
replace paper see recorder handbook. 
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Figure A.l The colorimeter module flow cell and filter. 
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Remove protective caps from printer pens and fit appropriate pen(s) to 
the recorder(s) to be used. 
RIKADENKI R-OX RECORDER 
Set/place (a) Chart button in drive position 
(b) Pen button in rec position 
(c) Chart control at 30 cm hr-1 
(d) Individual printer range dial control to 100 V. 
(e) Switches should be on "MV" and 'cal' settings. 
TARKAN RECORDER 
(a) Set chart speed to 0.5 cm min-1 (ie 30 cm hr-1) 
(b) Set range to 100 V. 
If the bubble pattern is regular, switch recorders on. Use adjustment 
lever (Figure A1) to determine position of pen on chart recorder paper. 
The lever should be adjusted to give a baseline at approximately 5% of 
the full scale deflection (ie set near to the base of the paper). 
A stable 'water' baseline should be produced within minutes of passing 
deionised water through the system. If the baseline is erratic, the 
most obvious cause is an air bubble trapped within the colorimeter flow 
cell. The bubble may be released by pinching the return tube (Figure 
Al; tube 3) for 1-2 seconds. The pen should then settle to give a 
steady trace. When the bubble pattern is regular and baseline trace 
steady, place reagent tubes as specified on method sheets into 
reagents. These should produce a steady baseline after several 
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minutes. Adjustment lever should again be used to adjust baseline to 
5% of full scale deflection. 
The wash and sample dials on the sampler should be adjusted as 
specified on the appropriate method sheets. 
RUNNING OF SAMPLES USING DATA ANALYSER 
(1) Place five standards of appropriate concentrations in cuvettes in 
holes 1-5 on sampling tray (highest concentration first). Follow these 
with two 'samples' of deionised water and 'unknown' samples. 
(2) Adjust gain setting to appropriate value. (This may be determined 
by running the maximum standard solution required, without using the 
data analyser and adjusting the gain control on the colorimeter to 
obtain a reading of approximately 90% of the full scale deflection on 
the appropriate chart recorder). 
(3) Adjust autostop facility as described on side of machine. 
(4) Parameter entry to automatic data analyser. 
(a) Press shift and "?" to give 'default parameters' 
(b) To switch a channel 'on' press CH 1/CH 2/CH3 followed by 
return key. 
(c) Press TI, followed by return key. Enter title. 
(d) Press ST, followed by return key. Enter concentrations of 
standards; high 1st. 
(e) Press AT, followed by return key. Enter value of 10. 
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(f) Press BS, followed by return key. Enter value of 2. 
(g) Press DA, followed by return key. Enter value of 3. 
(h) Press NO, followed by return key. Enter number of unknown 
samples. 
(i) Press SE, followed by return key. Enter sum of sample +wash 
time + 3 seconds. 
(j) Press AU, followed by return key. Should read 'ON'. 
(k) Other parameters should be left as default values (general 
rule). 
(1) Press RE, followed by return key. Digital values for 
operating channels should read 0 (approximately) before 
running samplings. If not adjust course adjustment lever. 
(m) Press ESC. 
(n) Press RUN, followed by return key. 
(o) Start sampler using autotimer. 
(p) At end of sample run press RC to enable results to be 
presented. 
(5) Remove tubes from reagents and place in deionised water. Flush 
out systems for 1 hour. Some chemistries may require more effective 
cleaning operations. 
(6) Switch off and discard used reagents as directed on method sheets. 
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MULTIPLE DETERMINAND ANALYSES 
Six cartridges are currently available within the department to analyse 
for total oxidised nitrogen (nitrite, N02N and nitrate, NOJN), 
orthophosphate (P04P), ammonia (NH4N), sulphate, chloride and calcium, 
Three cartridges may be run simultaneously. Care must be taken when 
concurrently operating certain cartridges. This is because the 
standards required for one determinand, eg calcium chloride for calcium 
analyses, may also influence the level of a second determinand 
requiring analysis, in this case chloride. If the calcium analyses are 
run concurrently with the chloride analyses (the normal standard for 
which is sodium chloride) this must be taken into account. Depending 
upon the range of standards required it may be possible to utilise the 
above solution as the standard for both determinands. Problems are 
posed though if the concentration range of standards required to be run 
together for the two determinands differ significantly in magnitude. 
Consequently chloride and calcium analyses may have to run 
independently. 
It is most appropriate to analyse the determinands which deteriorate 
most rapidly first, Total oxidised nitrogen ammonia and orthophosphate 
cartridges were consequently run simultaneously. 
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THE ACCURACY OF CHEMICAL DETERMINATIONS UNDERTAKEN USING THE MK II 
CHEMLAB AUTOANALYSER 
Chemical analysis contributes noise to the process of observing 
determinands in the environment, This noise is characterised by the 
average distance from the true value (bias/systematic error) and its 
standard deviation (precision/random error). Both can be controlled 
through a continuous programme of analytical quality control (AQC). 
In order to assess within laboratory precision, standards of 
approximately 10% and 90% of the upper concentration limit of the 
analytical method used were subject to replicate analyses. (These same 
standards were not used to calibrate the instrument), The AQC 
(Harmonised Monitoring) Committee (1979, 1982 and 1984) when examining 
quality control in the water industry indicated that the target level 
of analytical precision (ie maximum tolerable standard deviation) 
should be 5% of the determinand concentration. Consequently these 
limits were employed within this study. The results of the 
determinations were compared with the nominal concentration. For all 
determinands analysed the relative standard deviations were less than 
5%. Furthermore estimation of within batch and between batch precision 
was undertaken using analysis of variance (Wilson, 1970), 
Tests were undertaken on the Geography Department Chemlab auto-analyser 
system and Ecology Department Dionex system to ensure that differences 
in concentration of the laboratories standard solutions were not a cause 
of between laboratory bias. Standard solutions made up independently 
in each laboratory were subject to replicate analyses on both machines. 
The values were then compared statistically using a 't' test (p = 
0,05). No significant difference for the determinands investigated was 
found between the laboratories. 
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SAMPLE STORAGE AND TREATMENT PRIOR TO CHEMICAL ANALYSIS 
Water samples containing certain solutes may be susceptible to 
biological uptake, chemical precipitation or adsorption effects, 
Consequently the storage procedure and treatment adopted for samples 
must take into account these potential effects. The general procedures 
and treatment of samples adopted during this study are summarised and 
justified in the following section. 
Filtration of samples in addition to being time consuming may result in 
sample modification and contamination. The decision to filter or not 
depended upon the suspended sediment concentrations encountered in 
samples, the apparatus utilised to analyse samples and the particular 
analysis being carried out. 
Pilot studies analysing both filtered and unfiltered versions of 
samples and standard solutions were undertaken to demonstrate the 
effects of filtration. Results of these investigations showed that for 
samples obtained during the main Trent basin study, that filtration was 
an unnecessary operation. This was in part a consequence of the 
filtration effect of the dialyser membrane on the Chemlab solute 
cartridges. In addition suspended sediment concentrations were low in 
the majority of samples examined, However, prior to the analysis of 
chemical determinands in the R Rhone study filtration using Whatman GFC 
filter papers was essential. This was because of the elevated 
suspended sediment concentrations encountered and the use of a 
calorimetric method for sample analysis, which was influenced by the 
presence of the sediment. 
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In order to minimise the impact of storage effects on nutrient levels 
in samples they were analysed within twenty-four hours of collection, 
simultaneously for NH4N, TON and P04P. Samples were stored at 
approximately soC in a refrigerator to inhibit bacterial 
denitrification and sediment-water interactions etc, before analysis. 
Occasionally it was not possible to analyse for the above three 
determinands within twenty four hours. Under these circumstances 
sub-samples were frozen at -10 to -zooc, in order to prevent sample 
deterioration without resorting to pre-treatment techniques. After 
analysis for the above determinands samples in the Trent study were 
simultaneously analysed for sulphate, calcium and chloride. 
Sub-samples were analysed within three days of collection for these 
deterrninands. Freezing was not a suitable method for the storage of 
samples requiring analysis for calcium. Consequently sub-sample 
storage, if required, was at approximately soc in a refrigerator. 
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